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ABSTRACT 
An integrated sedimentological, stratigraphical, structural and geochemical study has been used to 
establish the tectono-sedimentary evolution of the Pelagonian and Vardar (Axios) zones in N 
Greece. This is a key area for understanding the evolution of the Neotethyan ocean. The Pelagonian 
zone is interpreted as a rifted (Gondwana derived) continental fragment, whilst the Vardar zone 
formed a bordering Neotethyan ocean basin to the E. This study concentrated on the W part of the 
Vardar zone (Almopias subzone). A major aim of this thesis is to establish the evolution of 
sequences along the Pelagonian continent-Almopias ocean interface, from Permo-Triassic to 
Tertiary time. Rifting of the Almopias zone was probably initiated in the Permo-Triassic, resulting 
in ocean basin formation (WPB to MORB-type crust) by at least Upper Triassic (Vryssi Unit), and 
deposition of a clastic sequence in the Pelagonian zone followed by the establishment of a thick 
sequence of algal marbles during the Mid Triassic to ?Liassic (Pelagonian platform). Thus a clear 
W-E proximal to distal facies change from the Pelagonian zone to the Almopias zone can be 
recognised. Intraplatformal basins also developed within the Pelagonian zone at this time, whilst the 
LikostomolLivadia-Klissochori-Rhizarion fragment possibly represented an isolated rifted fragment 
(Pelagonian derived) in the Almopias zone. By at least the L-M Jurassic a ocean basin existed in the 
Almopias zone. Its E limit was marked by subduction beneath the Paikon arc. During the M Jurassic 
the Pelagonian platform underwent dramatic subsidence associated with the transition to a foreland 
basin ahead of emplacing ophiolite nappes and parts of a subduction-accretion complex. 
Geochemical and stratigraphical data suggest a Pindos derivation. MORB, WPB and BSV volcanics 
are present. Complete subduction of the Almopias ocean also took place at this time by a 
combination of subduction beneath the Paikon arc and collision between the Paikon and Likostomo-
Livadia fragments with the E margin of the Pelagonian zone. This was associated with 
transpressional (dextral) deformation and metamorphism of the E Pelagonian zone (Eohellenic 
event). A transgressive cover of Oxfordian-Kimmeridgian age throughout the Pelagonian and 
Vardar zones dates the age of ophiolite emplacement and Eohellenic deformation. Following 
Eohellenic deformationthe region underwent uplift and erosion associated with extensional collapse 
of the Eohellenic nappe pile. The Almopias basin then re-opened as a pull-apart (transtensional?) 
basin during the U Jurassic-L Cretaceous, resulting in formation of a MORB-type ocean basin in the 
E Almopias zone (Meglenitsa Ophiolite), and a E-facing mixed carbonate-clastic-volcaniclastic 
sequence in the Central Almopias zone (Messimeri, Liki and Klissochori Units). By Lower 
Cretaceous times a W-E deepening sequence developed, with a complex, fault controlled, basement 
topography resulting in marked facies variations. Fault-bounded highs were marked by reef 
sedimentation or subaerial exposure, whilst basinal areas were dominated by faulted ocean floor and. 
deposition of basement-derived rudites and arenites. Igneous activity was concentrated along major 
fault zones. Karstic weathering developed in the Pelagonian zone (Kaimaktchalan massif). By 
Aptian-Albian, volcanism had completely ceased, possibly associated with transpressional uplift, 
and was followed by the development of Aptian-Cenomanian carbonate platforms, both to the E 
(Paikon zone) and W (Pelagonian and W Almopias zone), whilst the E Almopias zone remained a 
deep-water basin. A further rift event occurred during the Cenomanian-Turonian, resulting in 
collapse of the Paikon and PelagonianlW Almopias platforms. This rifting also resulted in the 
deposition of footwall-derived conglomerates in the W (Kedronas Unit, littoral to middle shelf) and 
hemipelagic/terriginous deposits in the E (Scaglia facies). By Campanian-Maastrichtian, a N-S 
striking, E-facing, reef margin developed in the E Pelagonian and W Almopias zones. The Central 
and E Almopias zones remained the site of hemipelagic and flysch sedimentation. During the latest 
Maastrichtian the reef margin underwent dramatic subsidence associated with the transition to 
hemipelagic sedimentation. This subsidence is related either to rifting of Neotethys or transition to a 
foreland flysch basin. Final closure of the Almopias basin occurred in the Early Tertiary, with major 
overthrusting towards the SW. This also resulted in previously unrecognised thrust imbrication 
within the Mesozoic of the E Pelagonian zone, HP-LT metamorphism (Central Almopias zone), and 
probable subduction of remnant ocean crust in the Almopias zone. Thickening and ramping of the 
thrust systems in the W induced the development of a "pop-up" structure in the E Almopias zone 
and regionally significant backthrusting (Almopias-Paikon interface). The post Eocene evolution of 
the region resulted in extensional unroofing of the Neohellenic nappe pile associated with extensive 
volcanism (Pliocene) and strike-slip faulting. 
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SECTION A: INTRODUCTION 
Chapter One 
Introduction 
1.1 The Pelagonian and Vardar (Axios) Zones of Northern Greece: Geotectonic setting 
From a plate tectonic perspective, the geological evolution of Greece is dominated by the 
progressive closure of the Tethys ocean which separated Eurasia and Gondwana during the 
Mesozoic and Tertiary (Neumayr 1875). Final closure of this ocean during the Tertiary 
resulted in the creation of the Alpine-Himalayan mountain belt. The trace of this Tethyan 
Ocean passes through mainland Greece, where fragments of it are preserved as ophiolites 
within the parallel tectonic zones of the Hellenides (Fig 1.1). The present study concentrates 
on the evolution of two such parallel, or 'isopic', zones (Aubouin 1958), namely the 
Pelagonian and Vardar (Axios) zones of northern mainland Greece (Fig 1.1). 
Several mobilistic, plate tectonic, reconstructions for the evolution of the Tethys Ocean 
have been proposed (e.g. Sengor et al. 1984, Robertson & Dixon 1984, Robertson et al. 
1991). Central to all these reconstructions is the concept of a series of elongate micro-
continents rifting from the African continental margin (Gondwana) during the Permo-
Triassic (Fig 1.2). These micro-continents are thought to have progressively drifted 
northwards during the Mesozoic to be accreted on to the southern European margin as 
Tethys closed. Within this plate tectonic framework, the Pelagonian zone is envisaged as 
one such micro-continent, whilst the Vardar zone represents a bordering oceanic basin to the 
east, classically termed the 'Vardar Ocean' (Kosmatt 1924, Aubouin 1958, Fig 1.2 this 
work). The sedimentary, tectonic, magmatic and metamorphic evolution of the sequences 
which developed along the Pelagonian "continent" - Vardar "ocean" interface, from the 
Triassic to Early Tertiary, form the focus of this study. The present study concentrates on 
exposures of the Pelagonian and Vardar zones north of the Aliakmon River in mainland 
Macedonian Greece (Figs 1.3 & 1.5). In this region a complete cross section is accessible 
from the Pelagonian "continent" out into the former Vardar "ocean". 
Lithologically, The Pelagonian zone of northern Greece consists of a pre-Alpine-aged sialic 
basement of polyphase deformed gneisst, schists and granites overlain by a carbonate cover 
of Triassic-Jurassic age. Mid to Late Jurassic ophiolitic nappes tectonically overlie this 
sequence, and are themselves unconformably overlain by a mixel carbonate-clastic 
sequence of Late Jurassic to Palaeocene age. 
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The Vardar zone has been further subdivided in northern Greece into the Almopias, Paikon 
and Peonias zones from west to east, respectively (Mercier 1968 & Figs 1.1 & 1.5). The 
Almopias and Peonias zones are characterised by ophiolitic lithologies and sediments of 
Jurassic to Cretaceous age, whilst the Paikon zone is dominated by a thick sequence of 
volcanics, volcaniclastics and neritic carbonates of Triassic-Cretaceous age. This study 
concentrates on the eastern Pelagonian zone and western Vardar zone (Almopias zone), 
although reconnaissance work was also undertaken in the Paikon zone. 
In the following sections the physiography and regional setting of the study area are 
outlined, followed by a summary of the subdivisions and evolution of the Hellenides. This 
section is followed by a brief résumé of previous research in the study area, the thesis 
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1.2 Physiography 
The study area is delineated by the Aliakmon River in the south, the former Yugoslavian 
border in the north, the Paikon massif in the east and the Veghoritis-Ptolemaidas basin in 
the west (Figs 1.3 & 1.4). Topographically, the region is one of contrast, consisting of 
several mountainous massifs (2000m+), separated by intermontane basins. The 
Kaimaktchalan and Voras massifs delineate the northern limit of the study area, culminating 
in mount Kaimaktchalan (2524M, the name deriving from Turkish, meaning butterchurn). 
The Kaimaktchalan massif is abruptly truncated to the south by the Veghoritis basin and 
Voda River. The course of the Voda River follows that of the Nission Fault, a regionally 
significant and long-lived fault system. 
South of the Voda, the Vermion massif rises to a height of 2052M (Fig 1.4), and forms a 
natural north-south trending barrier to the coastal plain in the east. The Vermion chain 
consist of an undulating upland plateau, bordered to the west by the Veghoritis and 
Ptolemaida basins. The southern limit of the Vermion massif is marked where the Aliakmon 
River cuts through the chain south of Kozani and Veria. This valley system also appears to 
follow the line of a regionally significant long-lived fault system (Servia Fault). South of the 
Aliakmon, the mountains again rise to form the Olympos massif (2917M). 
The eastern margin of the Vermion massif (termed "les avants monts" by French geologists, 
essentially meaning foothills,) is marked by a rapid loss of relief as the chain drops to meet 
the coastal plain. This eastern part of the Vermion is heavily vegetated, and has ieputably 
the best wine growing regions of mainland Greece, concentrated around Veria, Naoussa and 
Edessa. The north-south line delineated by these three towns marks the eastern limit of the 
study area south of the Voda River valley. All three towns are built upon impressive 
Pliocene travertine terraces which built up from calcium carbonate rich waters draining the 
Vermion and Kaimaktchalan massifs. It is these terraces which produce the waterfalls of 
modest fame in the Edessa region. East of these three towns lies the coastal plain. 
North of Edessa, the land again rises as far as Apsalos, and a strip of low plateau protrudes 
eastwards towards the Paikon massif (Figs 1.3, 1.4 & 1.5). Geologically, this strip of land is 
critical, as it affords continuous accessible exposure from the Pelagonian zone across the 
Almopias zone to the Paikon zone. This strip of land is cut by the Meglenitsa River, which 
drains southwards from the Voras massif to the north. The Paikon massif (1650M) marks 
the eastern limit of the study area, the broad, west facing dip slope of Cretaceous limestone 
delineating its western margin (Fig 1.5). 
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The Aridea plain effectively delineates the northern margin of the study area east of 
Apsalos, although reconnaissance work was undertaken in the western part of the Voras 
Massif. This is limited, however, as the geological evolution of the Voras and Paikon 
massifs are the current focus of Ph.D. research by Sally Brown (Edinburgh). 
Climatically, the area is exposed to extreme seasonal variation. Winter temperatures vary 
from 300  F to 50° F, whilst the summer is characteristically hot and moist, with 
temperatures varying from 70° F to 90° F. The mean annual rainfall is approximately 30 
inches. 
The vegetation of the area is dependant on the varying relief, soil and aspect. Much of the 
land is composed of steep, rugged relief which does not promote vegetation growth, except 
for sparse thorny scrub, heather and grass. The outcropping limestone units produce thin, 
calcareous soils which support thin areas of grass and scrub. Thick coniferous and 
deciduous woodland occurs in all the mountainous massifs. This woodland gives rise to 
acidic soils and occasional impenetrable forest. The higher regions are also vegetated by a 
thick carpet of hardy, short grass, able to withstand the climatic extremes, which produces 
scenery reminiscent of Alpine meadowland. 
The Veghoritis-Ptolemaida basin forms an intermontane depression, and is heavily 
cultivated for animal foodstuffs, fruits and cereals. Moving east through the Voda valley, 
the rich, fertile soils are given over to intensive fruit growing, orchards and %ieyards 
dominating the scenery in a belt stretching from Orma in the north to Veria in the south. 
Further eastwards, the lowland of the plain is heavily irrigated and cultivated for mixed 
crops. 
Population of the area is concentrated along the lower, fertile slopes of the mountainous 
massifs and the heavily cultivated plain in the east. The population of the study area is a 
diverse mix of Slays, native Greeks, Macedonians and Greeks of Asia Minor origins 
(between 25%-50% of the regions population are refugees from the 1923 population 
exchanges between Turkey and Greece). 
Edessa is the regional centre of the study area, settlement of this area dating back to 12th 
century BC. The strategic importance of Edessa (the name derived from the Phrygian word 
vedu, meaning water or town of water) is obvious, as it lies on the only passage between 
central and western Macedonia, and accounts for the towns turbulent past. The route of the 
Via Egnatia (the roman road which connected Constantinople with Rome) passes through 
Edessa and onwards to the west along the Voda valley, originally crossing the site of the 
karstic Veghoritis Lake (known in antiquity as Lake Ostrovo) south of Arnissa (Figs 1.3 & 
1.4). 
Veria and Naoussa are also important population centres, and both towns have a rich 
history, Veria recently associated with the ancient Macedonian capital of Aiges following 
the discovery of the tomb of Philip II at the nearby village of Vergina. The village of 
Lefkadia, below Naoussa, is thought to be the site of Mieza, where Aristotle taught. Aridea, 
situated in the centre of a plain towards the northern limit of the study area, is also a 
regional centre although it has no claim to a rich historical background. 
Settlement west of the Vermion mountains comprises a string of villages which parallel the 
edge of the study area, including Arnissa, Kato Grammatiko, Pirgi, Messovounon, Komnina 
and Akrini (Fig 1.4). The foothills of the Kaimaktchalan, Voras, Vermion and Paikon 
massifs are all moderately populated, with a well developed network of metalled roads and 
tracks connecting the villages. Forestry tracks reach higher into the massifs, allowing mixed 
arable and animal husbandry in these areas during the summer months. Shepherds tracks 
and sheep trails form a maze of communication throughout the area, facilitating mapping. 
Farming, the main occupation, takes the form of crop cultivation and animal husbandry. 
Most farmers work the plains and valley bottoms for fruits, crops and animal foodstuffs, 
whilst the cattle, sheep and goats graze on the grassland of the surrounding hills. Tourism is 
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1.3 Subdivision of the Hellenides 
The Hellenides, originally defined by Kober (1929), form part of the Alpine-Himalayan 
belt, the trace of which marks the site of the Tethys, an ancient seaway which separated 
Africa (Gondwana) from Eurasia throughout the Mesozoic (Neumayr 1875). 
Geographically, the Hellenides pass into the Dinandes in former Yugoslavia to the north 
(along the line of the Scutari-Pec transform), and into the Pontides/Anatolides of Turkey 
and the Balkans of Bulgaria in the south and east along the Strimon line (Fig 1.6). The 
western limit of the Hellenides is delineated by the Islands of Corfu, Zakinthos and 
Kephallonia (Smith & Moores 1974). 
Greece has been classically sub-divided into a number of elongate facies belts (Kosmatt 
1924, Aubouin 1959), trending SSE-NNW, and separated from each other by a major 
tectonic lineament (Fig 1.1). Each facies belt, or isopic zone (meaning "similar looking"), is 
characterised by a stratigraphy which differs from the stratigraphy of the adjacent zone. 
Kosmatt (1924), in conjunction with Phillipson and Renz, first proposed these divisions, and 
the work of Brunn (1956) and Aubouin (1958) firmly established them in Greek geological 
literature. A comparison can be made between the isopic zones of the Hellenides and the 
modern concept of terranes (Howell et al., 1989), although, in the Hellenides, stratigraphic 
and tectonic correlation across adjacent zones is almost always possible. Numerous authors 
hence suggest only limited tectonic dislocation of the Hellenides during the Tertiary. 
Brunn (1956) further proposed a division of the Hellenides into "internal" and "external" 
Hellenides (Fig 1.1) This division was based on the recognition of a Late Jurassic-Early 
Cretaceous (Eohellenic) deformation which effected only the eastern (internal) Hellenides. 
The Pelagonian zone is taken as the transitional zone between the external (westerly) and 
internal (easterly) Hellenide isopic zones (Aubouin 1959, Dercourt et al. 1986). Within this 
context, the present study concentrates on the Pelagonian, Almopias and Paikon zones of the 
internal Hellenides. 
External Hellenides 
The external Hellenides are geologically well known, and have been the focus of research 
by several international groups. A consensus on the stratigraphy and evolution of the 
external Hellenides during Alpine deformation has now been reached, although 
controversies concerning palaeogeographical reconstructions of the region exist (for a 
review see Robertson & Dixon 1984, Dercourt et al. 1986, Robertson et al. 1991). In 
11 
simplistic terms the external Hellenides preserve the passive margin of Apulia, a 
promontory of Gondwanaland, and its bordering Neotethyan ocean basin (Figs 1.7 & 1.8). 
The most westerly of the external Hellenide isopic zones is the Pre-Apulian zone. This 
zone comprises a thick sequence of Mesozoic and Tertiary, neritic carbonates and 
evaporites. East of this zone lies the Lonian zone, which is believed to represent an intra-
platform basin between the Pre-Apulian zone and the Gavrovo platform (Figs 1.7 & 1.8). 
Lithologies of the lonian zone are characterised by Triassic-Liassic, neritic carbonates 
overlain by a thick sequence of redeposited and deep-water carbonates of Middle Jurassic to 
Oligocene age. Flysch deposits dominate from the Oligocene onwards (Clews 1989). 
The Gavrovo-Tripolitza zone is again dominated by Mesozoic and Tertiary neritic 
carbonates passing upwards into flysch during the Oligo-Miocene. Numerous authors (e.g. 
Thiebault 1982, Robertson et al. 1991, Degnan 1992) interpret this zone as representing the 
passive margin/shelf of Apulia which faced eastwards into the Pindos ocean basin (Figs 1.7 
& 1.8). 
The Pindos zone is perhaps the zone of most controversy in the external Hellenides, and 
consists of an Upper Triassic to Upper Eocene sequence of basinal sediments (turbiditic 
siliciclastics, radiolarian cherts, and redeposited and hemipelagic carbonates). Most authors 
agree that the Pindos Zone represents a zone of basinal sedimentation adjacent to the 
Apulian margin, although the nature of the Pindos basin substratum has been the source of 
conflicting ideas. Early workers (Aubouin et al. 1970) regarded the Pindos Zone as an intra 
platformal basin, floored by stretched continental crust. In this model the ophiolites of this 
zone, and of the Sub-Pelagonian zone, were thought to have an internal (Vardar) origin and 
were thrust emplaced into their current position during the Mesozoic and Tertiary. There is a 
growing body of evidence, however, (Smith et al. 1975, Green 1982, Jones 1990, Robertson 
et al. 1991, Degnan 1992) that the ophiolites preserved in these zones represent the 
substratum to the basin, and that the Pindos zone represents a small Neotethyan basin 
floored by oceanic crust (Figs 1.7 & 1.8). 
The Parnassus and Vardoussia zones are only found north of the Gulf of Corinth, and 
represent an area of Triassic to Upper Cretaceous neritic (Parnassus) and slope (Vardoussia) 
sedimentation. Most authors interpret this zone as a continental block/platform which rifted 
from the Apulian margin into the Pindos ocean (Celet 1962, Robertson et al. 1991, 
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East of Parnassus and the Pindos zone lies the Beotian zone (Fig 1.1), a region 
characterised by Lower Cretaceous, ophiolite-derived, turbiditic sediments (Eohellenic 
Flysch) overlain by Cretaceous to Eocene, pelagic sediments (Celet et al. 1976). The 
"Eohellenic flysch" is underlain by Triassic to Jurassic platformal carbonates. The Beotian 
zone has variably been correlated as a margin to the Parnassus or Pelagonian platforms, 
between which it lies (Green 1982, Robertson et al. 1991). In this respect the Beotian zone 
is similar to the Sub-Pelagonian zone (equivalent to the Othris zone of Smith et al. 1979, 
and the Maliac zone of Vergely 1984). The Sub-Pelagonian zone is interpreted as the west 
facing passive margin of the Pelagonian microcontinent, comprising a Permo-Triassic rift 
sequence unconformably overlying a metamorphic basement. During the Triassic to Late 
Jurassic, the zone comprises a westward, facing mixed carbonate-clastic margin (Smith et al. 
1975, 1979). Late Jurassic (Pindos-derived) ophiolites tectonically overlie this margin and 
platform (e.g. the Pindos, Vourinos and Othris ophiolites), and are themselves 
unconformably overlain by transgressive Late Cretaceous carbonates. The Sub-Pelagonian 
zone is also the site of the Tertiary Mesohellenic molasse basin (Brunn 1956). 
Taking the definition of Brunn (1956) of internal and external Hellenides, the Sub-
Pelagonian zone should belong to the internal Hellenides. However, most authors take the 
Pelagonian zone as lying along the juncture of the two zones. Indeed, Fleury (1980) 
proposed the term "intermediate zones" (including the Sub-Pelagonian, Parnassus, Beotian 
and Pindos zones), as he did not distinguish a clear contact between the internal and external 
Hellenides. In this study the Pelagonian zone is taken as the juncture between the internal 
and external Heiienides. The zones to the west of the Pelagonian zone are external and are 
intimately related to the evolution of the Pindos branch of Neotethys. The zones to the east 
of the Pelagonian zone are internal and are intimately related to the Vardar branch of the 
Neotethys (Fig 1.1). No tectonic or sedimentary connotations are intended in this division 
as, clearly, the spatial distribution of Eohellenic deformation in the Hellenides is greater 
than first appreciated by Brunn (1956). 
Internal Hellenides 
The internal Hellenides have received nowhere near the amount of attention that the external 
Hellenides have. For this reason they are still poorly understood, and the relationships 
between the isopic zones obscure. 
The Pelagonian zone is regarded by most authors as one of a series of continental 
fragments which rifted off the Apulian margin during the Permo-Triassic (Aubouin et al. 
16 
1970, Dercourt et al. 1986, Robertson et al. 1991). The basement comprises metamorphic 
rocks of pre-Westpahlian age, which are unconformably overlain by a Permo-Triassic rift 
sequence of intermediate volcanics and shallow-marine clastics and a thick neritic carbonate 
platform of Triassic-Jurassic age (Fig 1.9). Tectonically overlying this platform rest 
ophiolitic nappes, which are themselves unconformably overlain by a transgressive series of 
Late Jurassic to Late Cretaceous-Early Tertiary age. An eastwards facing (Cretaceous) 
passive margin has recently been described for the Pelagonian platform in Argolis and 
Euboea (Clift 1990, Robertson 1990). 
East of the Pelagonian zone lies the Vardar zone (also known as the Axios zone in Greece). 
The term Vardar zone is misleading as it implies one zone, whereas in reality, it comprises 
three markedly different isopic zones; the Almopias, Paikon, and Peonias zones, from west 
to east respectively (Figs 1.1 & 1.5). Mercier (1968) concluded that the Almopias zone 
represents a basinal area, marginal to the Pelagonian zone, comprising thrust sheets of 
ophiolitic lithologies and Cretaceous sediments. The Almopias zone has long been regarded 
as the ophiolitic "root zone" of the Hellenides, and "geologically complex and little 
understood" (Mercier 1968, Brunn 1956, Aubouin et al. 1970). In reality, the geology of the 
region was poorly understood as, until now, it was incompletely studied. The Western 
Almopias zone consists of a Late Jurassic-Lower Cretaceous mixed carbonate-clastic 
sequence which unconformably overlies ?Triassic marbles and ophiolitic lithologies (Figs 
1.5 & 1.9). These carbonates are, in turn overlain by red-bed conglomerates and carbonates 
of Cretaceous age which pass into Maastrichtian flysch. The Eastern Almopias zone exposes 
the upper levels of a Late Jurassic-Lower Cretaceous ophiolite and it's dc.p-water 
sedimentary cover, overlain by a turbiditic, "Eohellenic" flysch (Sharp & Robertson 1991, 
1994). 
The Paikon Zone, which lies to the east of the Almopias zone, comprises a thick sequence 
of neritic carbonates and intermediate volcanics/volcaniclastics of ?Triassic to Jurassic age 
(Fig 1.9), interpreted to represent the products of arc volcanism (Mercier 1968, Vergely 
1984 and Bebien et al. 1987). Asvesta and Dimitriadis (1991) suggest that the Paikon zone 
represents a rifted margin and arc sequence of the Serbo-Macedonian zone. This "arc" 
sequence is unconformably overlain by Late Jurassic carbonates and flysch. A carbonate 
platform of Cretaceous age overlies this sequence, and passes into a flysch of Turonian and 
younger age (Sharp & Robertson 1992, Fig 1.9). 
East of the Paikon zone is the Peonias zone, also known as the Innermost Hellenides 
Ophiolite Belt (IMHOB, Bebien et al. 1986, Figs 1.1 & 1.5). The Peonias zone is 
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characterised by small ophiolitic bodies (e.g. Guevgueli and Chalkidiki) intimately 
associated with granites, migmatitic basement and sediments of Jurassic to Lower 
Cretaceous age (Mercier 1968). Bebien & Mercier (1977) and Bebien etal. (1987) interpret 
the Peonias zone ophiolites as forming in small pull-apart basins in a back arc setting to the 
Paikon arc. By inference, the presence of an eastwards dipping subduction zone in the 
Almopias zone is implied. Figure 1.IOA is a reconstruction of the Vardar branch of 
Neotethys in the Mid Jurassic, showing the possible palaeogeographical configuration of the 
Pelagonian and Vardar zones. 
East of the Peonias zone is the Circum-Rhodope, Serbo-Macedonian and Rhodope zones 
from west to east, respectively (Fig 1.1). The Circum-Rhodope zone (Kauffmann et al. 
1976) equates to the eastern part of the Peonias zone of Mercier (1968). Dixon and 
Dimitriadis (1984) suggest that the Circum-Rhodope zone preserves the west-facing margin 
of the Serbo-Macedonian continent, and consists of a metamorphic basement 
unconformably overlain by a Permo-Triassic rift sequence of intermediate volcanics and 
clastic sediments. The overlying marbles and carbonates are of Triassic (Skythian-Rhaetian) 
age, and conformably pass up into the Lower Jurassic Svoula Flysch (Mercier 1968, 
Kauffmann et al. 1976, Kockel et al. 1977). Numerous authors now agree that this sequence 
represents the eastern margin to the Neotethyan PeoniasIIMHOB basin. The marginal 
sequences of the Circum-Rhodope zone and the ophiolites of the IMHOB are both 
unconformably overlain by Late Jurassic, "Eohellenic" Flysch and neritic carbonates 
(Kimmeridgian-Tithonian, Mercier 1968), which were deposited following deformation and 
closure of the IMHOB (Bebien et a!, 1987). 
The Serbo-Macedonian zone comprises polyphase deformed metamorphic lithologies of 
both Hercynian and Mesozoic age, locally overlain by ?Triassic and ?Liassic carbonates. 
Granitic intrusions of Jurassic age also cut the basement (Dixon & Dimitriadis 1984, De 
Wet 1989). The presence of ultramafic bodies in this zone (e.g. Volvi complex) are thought 
to represent remnants of small, Neotethyan pull-apart basins (Dixon and Dimitriadis 1984, 
Batty 1993). The Serbo-Macedonian zone is in thrust contact over the Rhodope zone to the 
east along the Strimon line, thought by Mercier (1968) and Smith and Moores (1974) to 
delineate the eastern limit of the Hellenides. In contrast, Dixon (Pers. comm. in Batty 1993) 
suggests that the Serbo-Macedonian zone can be traced over the Strimon line. 
The Rhodope zone is a complex metamorphic region dividing the Hellenides from the 
Alpine chains in Bulgaria. The zone consist of a complex metamorphic basement overlain 
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Kockel et al. 1977). Long regarded as a Palaeozoic basement, the Rhodope zone was 
thought to have escaped large-scale Tertiary deformation. Recent work, however, suggests 
that the Rhodope zone underwent considerable deformation during the Alpine deformation 
(reviewed in Aleksic et al. 1984, De Wet 1989, Batty 1993). 
The tectonic affinities of the Olympos-Ossa window (Fig 1.1) of mainland Greece within 
this division of the Hellenides is unclear. This window comprises a Triassic-Palaeocene 
neritic carbonate sequence overlain conformably by an Eocene flysch (Godfrivax 1968, 
Schmidt 1983). Blueschist facies rocks are located along the upper contact of the window to 
the overlying Pelagonian nappe. Majority opinion accepts Olympos as a Mesozoic carbonate 
platform of external affinities (Aubouin et al. 1970, Godfriaux 1968, Smith & Moores 
1974), as it appears to lack Eohellenic deformation, although it's role in the evolution of the 
Hellenides remains problematic. 
1.4 The evolution of the Hellenides: Palaeotethys and Neotethys - Tectonic models 
The Tethys ocean existed as a westward-closing marine embayment into the Pangean 
supercontinent since Carboniferous times (Bullard et al. 1965, Sengor et al. 1984). This 
ocean is termed Palaeozoic Tethys, or Palaeotethys, and is believed to have been followed 
by the opening of the Mesozoic Neotethys during the Permo-Tnassic (Robertson & Dixon 
1984, Sengor et al. 1984, Dercourt etal. 1986; Figs 1.2 & 1.11 this work). Palaeogeographic 
reconstructions of the Palaeotethys and Neotethys are problematic, primarily concerning the 
number of suture zones associated with the destruction of both oceans, and the origin of the 
ophiolitic nappes now preserved tectonically above continental margins and platforms. 
Neotethys is thought to have comprised a series of continental fragments, separated by small 
ocean basins which were created following rifting along the northern margin of Gondwana 
during the Permo-Triassic (Fig 1.2). The driving mechanisms for the formation of the 
Neotethys are unclear, but have been related to back-arc basin formation above a southward 
subducting Palaeotethys (Sengor et al. 1984), or to opening of small Red Sea-type basins, 
with the Palaeotethys subducting northwards (Robertson & Dixon 1984). The Palaeotethyan 
suture is elusive in Greece, variably placed along the Vardar/Axios zone or east of the 
Serbo-Macedonian zone (Mountrakis et al. 1987, Robertson and Dixon 1984), but can be 
traced in northern Turkey by the presence of a subduction-accretion complex (The Karakya 
Complex, Bingol 1973, Ustaomer 1993, Picket 1994). 
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Early workers in Greece also suggested that the Vardar zone represented the main 
Neotethyan suture zone (Mercier 1968, Aubouin et al. 1970), which closed during Late 
Jurassic (Eohellenic) deformation. In this model the Vardar zone is considered as the "root" 
zone to all ophiolitic nappes exposed in the Hellenides (Figs 1.1OB & 1.12B). In contrast, 
Smith et al. (1975) proposed the existence of a second Neotethyan suture in Greece, west of 
the Pelagonian zone, and rooted the ophiolitic nappes of the Sub-Pelagonian and Pelagonian 
zone in this ocean (the Pindos ocean, Fig 1.1 2C). This model was supported by the work of 
Jones and Robertson (1991), Clift (1990), Robertson etal. (1991) and Degnan (1992). Other 
workers (e.g. Vergely 1984, Mountrakis 1984) favour ophiolite emplacement onto the 
Pelagonian zone from both the Vardar and Pindos basins (Fig 1.11 Q. The age of closure of 
these Neotethyan basins is also contentious, originally suggested as Late Jurassic (Vergely 
1984, Dercourt etal. 1986). In contrast, Robertson etal. (1991) suggest that the majority of 
Neotethyan ocean basins did not finally close until the Tertiary. 
The position of Olympos in tectonic reconstructions of the Hellenides is still problematic. 
Original work by Godfriaux (1968) suggested it was of external affinities, whilst later 
workers suggested internal origins (Barton 1975). Robertson et al. (1991) favour 
Godfriaux's interpretation and suggest that the Olympos window represents a subducted 
platformal fragment which originated as a rift fragment of the Apulian margin which drifted 
into the Pindos ocean (c.f. the Parnassus .platform, Fig 1.7), a view supported by majority 
opinion (e.g. Vergely 1984, Schermer 1993). Doubt still remains however, as recently 
expressed by Doutsos et al. (1993), who suggest that Olympos originally lay to the east of 
the Pelagonian zone. The various models were summarised by Robertson and Dixon (1984, 
Fig 1.12 this work). 
With more specific regard to the Pelagonian and Vardar zones of northern Greece, the 
original reconstructions of Mercier (Fig 1.13), of two Mesozoic basins (Almopias and 
Peonias zones) separated by platformal highs (the Pelagonian, Paikon and Serbo-
Macedonian zones from west to east respectively) remains valid. In the light of plate 
tectonic theory, however, several mobilistic reconstructions have been proposed (e.g. 
Mercier and Vergely 1972, Vergely 1984, Bebien et al. 1987). These models are 
superficially in good agreement, regarding the Almopias ocean basin as having developed 
due to Permo-Triassic rifting between the Pelagonian and Serbo-Macedonian zones. By 
Jurassic times, an eastward-dipping, intra-oceanic subduction zone is envisaged as having 
developed west of the Paikon zone, with arc volcanism resulting (Fig 1.10A). The 
discontinuous ophiolites of the Peonias zone are envisaged as developing in a back-arc 
setting, possibly related to transtensional movements (Bebien 1984, Jung & Mussalam 
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Fig 1.10A. Palaeogeographic reconsiruclion of the Vardar zone during the Mid to Late 
Jurassic (After Vergely 1984). The ophiolites of the Peonias zone are envisaged to have 
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Fig 1.12. Principal alternative models for ophiolite emplacement and the location of Olympos 
in northern mainland Greece (After Robertson & Dixon 1984). A. Present structural section 
across the northern mainland. The Olympos carbonate sequence is assumed to be a 
continuation of the Gavrovo-Tnpolitza carbonate platform and the Pindos and Vourinos 
ophiolites are assumed to be continuous beneath the Mesohellenic basin. B. Single, 
Vardanian, root-zone model for ophiolites emplaced onto the Pelagonian zone and its 
carbonate cover in the Late Jurassic. Olympos external. C. Double (Pindos & Vardar) root-
zone model favoured by Ferriere and Vergely 1976, Smith et al. 1979. Bebien et al. 1980, 
and others. Olympos external. 
D. Alternative possibilities for an internal Olympos carbonate-bank, east of the Pindos basin, 
and their implications for ophiolite emplacement in the Late Jurassic. Each section assumes 
that the Olympos platform cannot have been overthrust by an ophiolite in the Triassic to 
Palaeocene interval. 
1985). Late Jurassic deformation followed, and is believed to be responsible for the 
widespread development of an Eohellenic flysch in these zones, associated with obduction 
of ophiolitic nappes westwards over the Pelagonian zone (Vergely 1984, Fig 1.1013). The 
volcanism of the Paikon and Peonais zones also ceased at this time, with the Vardar strand 
of the Neotethys regarded as essentially closed. The Cretaceous evolution of the region was 
not well studied, but the area is regarded as being tectonically quiescent, with the Almopias 
zone persisting as a region of basinal sedimentation between two platformal highs (Mercier 
1968, Ferrière et al. 1991). In contrast, Clift and Robertson (1989), working in Argolis, 
suggest that the Vardar strand of Neotethys remained open until early Tertiary times. 
1.5 History of previous research 
Geological research on the internal Hellenides dates back to the 19th century, with 
Viquesnal (1842-44) and Boue (1870) describing the Cretaceous rudist and coralline 
assemblages of the Drossia-Vryta region of the Pelagonian zone. The most significant work 
during early geological reconnaissance of the area, however, was that of Kosmatt (1924), 
who proposed the Vardar, Pelagonian and Rhodope zones. Brunn (1956, 1959), working in 
conjunction with Aubouin, later modified this classification to a west to east sequence of 
Sub-Pelagonian zone, Pelagonian zone, Vardar zone and Rhodope zone, collectively termed 
the internal Hellenides. Kosmatt initially included the autochthonous sedimentary cover of 
the Pelagonian zone in the Vardar zone, but Brunn attributed these units to the Pelagonian 
zone, essentially recognising a large thrust fault separating a uniformly NE-dipping 
sequence of Triassic to Palaeocene age on the Pelagonian zone from a highly faulted 
Cretaceous to Palaeocene sequence in the western Vardar zone. 
Mercier considerably enhanced Brunns reconnaissance work during the course of his 
research on the internal Hellenides of Central Macedonia (1958-1968). He produced a 1:100 
000 scale map, later to be published in modified form as several 1:50000 scale geological 
sheets by IGME, (Greek geological survey). He also produced the first full stratigraphy for 
Macedonian Greece, dividing the Vardar zone into three zones: The Almopias, Paikon and 
Peonias zones from west to east, respectively. He further subdivided the Almopias zone into 
distinct tectonostratigraphic units, each unit bounded by a generally NNW-SSE-trending 
Tertiary thrust (Fig 1.14), and recognised a west to east proximal to distal facies change 
within the Cretaceous lithologies. Mercier's work on establishing a stratigraphic scheme for 
the Pelagonian, Almopias and Paikon zones has remained essentially unchanged until the 
present study. Consequently, Mercier's original work (1968) formed the starting point for 
this project, and it is an amended version of his stratigraphy which is utilised throughout this 
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thesis. Unfortunately, the subsequent concepts of plate tectonics and sea floor spreading 
(Vine & Matthews 1963, Gass 1968) renders some of the original conclusions of Mercier 
obsolete. This was presumably the rationale for Mercier's student Vergely re-assessing the 
tectonic evolution of the internal Hellenides (i.e. within a plate tectonic framework). In his 
thesis (1984) Vergely recognised five stages of deformation which affect the internal 
Hellenides, of Late Jurassic (Eohellenic, JEt), Early Cretaceous (Eohellenic, JE2) and post-
Maastrichtian (Neohellenic, CTI, CT2, CT3) age. The first event was believed by Vergely 
to have emplaced Vardar-derived ophiolitic nappes over the eastern margin of the 
Pelagonian zone, closing, or leaving a marginal Vardar basin in the east (Fig 1.I0B). The 
second event (JE2) has an eastwards vergence, placing an ophiolitic nappe from the external 
Pindos basin onto the western Pelagonian zone. Phases CT1-CT3 were related to the final 
Tertiary collision of Gondwana with Eurassia, and are represented in the study area by 
westwards propagating thrust systems. The main conclusions of Vergely's work are 
summarised in figure 1.15. 
Bijon (1982) looked at the volcano-sedimentary sequences on both the eastern Pelagonian 
margin and in the Almopias zone, mainly studying geochemistry. Bechon (1981) also 
published a short paper on the petrography of the lavas of the eastern Almopias zone, whilst 
Stais et al. (1990) re-examined the stratigraphy of the eastern Almopias zone. Stais is 
currently working on the Almopias and Peonias zones (palaeontology) as part of his 
research. 
Mountrakis (1976, 1982, 1984, 1986, 1987) concentrated on the evolution of the 
metamorphic basement of the Pelagonian zone, and its role during the evolution of the 
internal Hellindes. Specifically he studied the evolution of the Voras and Vernon 
metamorphic massifs. 
With respect to the Vermion massif, work in this area has mainly been undertaken by 
French geologists working from Paris University. This work has strived to establish the 
stratigraphy of the massif, previously mapped as an undivided Cretaceous unit by Osswald 
(1931). Campion (1966) and Braud (1967, 1972) worked on the stratigraphy of the 
northern Vermion, whilst Pichon (1976) and Fourmaintraux (1967) worked along the 
western margins of the massif. Didelot (1970) and Lemaitre (1964) worked in the 
geologically complex and poorly exposed regions between Veria and Naoussa ("Les Avants 
Monts", Fig 1.3), again establishing the stratigraphy. More recently, Economou (1982) 
worked in the northern Vermion, studying the geochemistry of ophiolitic sequences. 
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FIg 1.13. Mercieth (1966) palaeogeograplJcal reconstruction of the internal Hellenides from 
the Late Permian until the Early Cretaceous. Mereier regarded the Almopias and Peonias 
zones as basins between the Pelagonian, Palkon and Serbo-Macedonian highs, an 
interpretation which remains valid today. The ophiolites of the Almopias and Sub-Pelagonian 
zone were inteipreted as vast submarine flows, whilst the Paikon zone was interpreted as a 
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Fig 1.14. Tectono-stratigraphic units of the Alinopias zone (After Mercier 1968). 
1=Almopias units, 2Pe1agonian zone, 3=Paikon zone, 4=Quatemary, 5=Pliocene volcanics. 
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Fig 1.15A. Tectonic and magmatic evolution of the internal Hellenides from the Triassic to 
Tertiary (After Vergely 1984). 
1=JEI, 2=JE2, 3=CF1 & Cr2, 4=CF3, 5=Permo-Triassic magmatism, 6=pre-ophiolite 
volcanism, 7=syn-ophiolite volcanism, 8=formatiom of oceanic crnst, 9=post-ophiolite 
volcanism, 10=uplift and bauxite formation, ll=amphibolite metamorphism, 12=melange 
formation and crustal-scale faulting. 
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Fig 1.15B. Tectonic and metamorphic evolution of the internal Hellenides: Structural style, 
orientation and grade of metamorphism (after Vergely, 1984). 
a=tangental movements associated with or w4thout ophiolite emplacement, b=fold vergence 
and geographic extent of deformation (stiple), c=metamorphism (greenschist=Ieft inclined 
stripes, high pressure metamorphism=right inclined stripes, blueschist metamorphism=rcross 
hatch). 
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1.6 Objectives and methodology 
1.6.1 Project rationale 
To understand the evolution of Neotethyan ocean basins created during the post-Permian 
convergence of Africa and Europe one must determine the number of separate oceanic 
strands, assign ophiolitic and continental margin remnants to the correct strand and 
determine the polarity of thrust-stacking andlor subduction which led to their destruction, 
timing each stage as closely as possible. Edinburgh-based research in one such Neotethyan 
basin, the Pindos ocean, shows that despite Tertiary collisional shortening, key evidence is 
present in sedimentary sequences both beneath and above ophiolitic sheets. The tectono-
stratigraphic evolution of the sedimentary and ophiolitic sequences developed in the Pindos 
basin are now well documented (e.g. Smith et al. 1975, Green 1982, Jones 1990, Degnan 
1992, Robertson etal. 1991). 
This project aimed to extend research away from the Pindos basin, across the intervening 
Pelagonian microcontinent to the Vardar zone, believed to represent a Neotethyan ocean 
basin marginal to the eastern edge of the Pelagonian zone (Figs 1.2 & 1.7). Little work had 
addressed the evolution of this region since the pioneering work of Mercier (1968), 
particularly with regard to the Almopias zone, and had tended to deal with isolated areas and 
aspects of the regions' geology. Also, no detailed study of the sedimentary evolution of the 
area had been carried out. 
If a valid basin analysis of this strand of the Neotethys was to be attempted, the need for a 
geologically integrated study, drawing together methods and skills from varied fields within 
geology is obvious. This study should utilise the existing database, and integrate all aspects 
of the regions' evolution, from sedimentology to metamorphism. It was the aim of this 
project to attempt this integrated approach, and to determine the sedimentary, tectonic, 
magmatic and metamorphic evolution of the continental margin and oceanic sequences 
developed along the Pelagonian-Almopias interface. 
Key questions to be addressed included:- 
- How long-lived was the Almopias strand of the Vardar Ocean; when did it form, when did 
it die? 
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- What configuration of facies occupied the Eastern Pelagonian margin through time: how 
did these sequences respond to tectonic events and could they help pinpoint key events in 
Hellenide evolution? 
- What environment were the Pelagonian ophiolites formed in; do they have a Vardar or 
Pindos origin? 
- Can interpretation of the Almopias sequences produce a true palaeogeographical 
reconstruction for the western Vardar; for example can island arcs, accretionary complexes, 
transform margins, back-arc basins etc. be  recognised?. Can these various elements be 
separated and assigned to the correct oceanic and continental strands. 
Fundamental questions involving what controls the timing and style of rifting, the 
establishment of passive margins, processes responsible for the generation and destruction 
of oceanic crust, the polarity and style of thrust-stacking and/or subduction which led to 
their destruction, and the response of continental margins to lithospheric loading have also 
been addressed. 
The broad aims of this research project were achieved by a multidisciplinary field and 
laboratory based approach, as outlined in the following section. 
1.6.2 Methods employed 
A total of seven months fieldwork was carried out over a period of three years, involving 
detailed section logging, sedimentological facies analysis and selective mapping of key 
areas. This work concentrated on a structural "corridor" from the Pelagonian zone (Arnissa) 
in the west to the Paikon zone in the east (Fig 1.16) to establish the tectonic relationships 
between the various tectonostratigraphic units. Work was also undertaken between 
Kaimaktchalan in the north and Ayios Dimitrios in the south (Fig 1.4) to establish the 
tectonic history of the eastern Pelagonian zone, and the nature of its contact with the 
Almopias zone. Detailed 1:5 000 scale mapping was carried out in areas of key importance. 
Following detailed work in these two areas, which allowed the establishment of a modified 
tectono-stratigraphy, reconnaissance work over a much wider area was carried out. 
Throughout the fieldwork, systematic sampling was carried out of igneous and metamorphic 
units suitable for X-ray fluorescence "tissue-typing" to deduce tectonic settings. Sediments 
were also collected for standard petrography, geochemistry, palaeontology and facies 
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analysis. 
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Detailed section logging, sedimentological facies analysis and basin-wide correlation formed 
the basis for a detailed reassessment of the stratigraphy and an evaluation of basin evolution. 
This was backed up by palaeocurrent, petrographic, palaeontological and diagenetic work. A 
major aim of the study has been to deduce the structural evolution and style of deformation 
of the study area. This was based mainly on detailed and systematic field observations and 
recording of structural data. The majority of these data are presented here diagramatically for 
ease of presentation. 
Palaeontological work involved the identification of macrofossils, predominantly rudist and 
coralline assemblages, with the help of Dr Brian Rosen and Dr Noel Morris at the Natural 
History Museum, Graham Rose at London University and Dr Steuber at Cologne university. 
Micropalaeontological work has involved standard thin section determination and extraction, 
SEM examination and determination of radiolaria and foraminifera, again with the help of 
colleagues at Paris University (Dr Patrik De-Wever, Dr Olivier Monod and Dr Bellier), 
Illinois State University (Prof Hsin Yi Ling) and Edinburgh and London Universities here in 
the U.K. 
During the course of this research the opportunity arose to study other regions of Tethyan 
geology, including Oman, southern Greece and the islands of Chios and Lesvos, western 
Turkey and the Ladakh Himalayas. This work allowed direct comparisons to be made 
between Tethyan platforms, basins and ophiolites developed in other regions with the 
sequences preserved in northern Greece. 
1.6.3 Thesis structure 
This thesis is divided into three sections comprising a total of seven chapters. Section A 
comprises one chapter of introduction, placing the study area in it s regional context, 
outlining the thesis rationale and defining the stratigraphic framework. Section B comprises 
chapters two to six which deal with the bulk of the data and the tectono stratigraphy. 
Chapter two deals with the Pelagonian zone, chapters three, four and five with the Western, 
Central and Eastern Almopias zones, and Chapter six with the western Paikon zone. Each 
chapter deals first with the stratigraphy and structure of the zone, followed by general 
conclusions and regional comparisons. Section C addresses the Triassic to Tertiary 
sedimentary, tectonic, magmatic and metamorphic evolution of the Pelagonian and Vardar 
zones, and integrates all the data presented in section B, followed by the general conclusions 
of this thesis. Due to its size, this thesis is presented as two volumes. 
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1.7 Stratigraphic framework 
1.7.1 Introduction 
The revised stratigraphy utilised throughout this thesis for the Pelagonian, Almopias and 
Paikon zones of northern Greece is based on biostratigraphy, lithostratigraphy and 
tectonostratigraphy, and follows internationally accepted stratigraphic nomenclature 
whenever possible (e.g. Hedberg 1976, Harland etal. 1989,Whittaker etal. 1991). 
Tectonostratigraphy is not clearly defined in the existing published texts concerning 
stratigraphic nomenclature. In this thesis the definition of tectonostratigraphy is three-fold: 
1) The stratigraphy of structures and deformation events. For example, unit A is deformed 
by two phases of deformation and is unconformably overlain by unit B, which is only 
deformed by one phase of deformation. In this way a relative stratigraphy of structural 
events can be established. 2) The tectonic stacking or ordering of rock sequences (or 
tectonostratigraphic units) in a collisional setting, with individual rock sequences separated 
by major tectonic contacts. For example, unit A is in tectonic contact over unit B, and unit B 
is in tectonic contact over unit C. In this way the structural ordering of individual 
tectonostratigraphic units can be established. Mercier (1968) essentially used this approach 
to sub-divide the thrust sheets of the Almopias zone (see section 1.7.3). 3) A third, more 
interpretative, definition of tectonostratigraphy, which has been applied throughout this 
thesis, is the concept that as impingement and collision (or rifting and extension) progress, 
distinctive changes in the stratigraphic record (i.e. changes in sedimentation style or 
magmatic evolution) also propagate through time and space, leaving a decipherable record. 
An excellent example of this is recorded in the Pelagonian zone, with the stratigraphic 
record changing through time and space due to emplacement of the Pelagonian Ophiolite 
Nappe (Chapter Two). This third definition forms a major part of the rationale for 
establishing the dynamic evolution of the study area (Chapter Seven). 
1.7.2 The Pelagonian zone 
The stratigraphy of the Pelagonian zone in the study area was first established by Mercier 
(1966, 1968, Fig 1.17), building on the reconnaissance work of Brunn (1956). Braud (1967), 
Pichon (1976), Bijon (1982) and Mountrakis (1984) later modified parts of this stratigraphy 
(Fig 1.18). During the course of the present study a review of Mercier's stratigraphy and 
later modifications, was undertaken. The results of this revision are presented in Figure 
1.18, and the correlation betwen the new stratigraphy (this study) and previous 
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stratigraphic schemes is outlined. This revision, in keeping with modern guidelines, has led 
to the establishment of groups, formations and members, as outlined below. 
The Kaimaktchalan Metamorphic Group (Fig 1.18) equates with the Voras unit of 
Mountrakis (1984). The renaming of this unit as Kaimaktchalan Metamorphic Group was 
felt necessary to avoid confusion between the Kaimaktchalan metamorphic rocks and the 
metamorphic rocks exposed in the Voras Massif of the Almopias zone. This is in keeping 
with the original work of Mercier (1968), who first described "Les micaschistes et gneiss du 
Kaimaktchalan". The Kaimaktchalan Metamorphic Group is thought to be of pre-
Westphalian age, based on isotopic dating of granites which cut the group (Mountrakis 
1984). 
The Pelagonian Marble Group is delineated by the Kaimaktchalan Metamorphic Group at 
its base, and the Pelagonian Ophiolitic Nappe at its top. Due to lack of biostratigraphic 
control, and the strongly folded and deformed nature, the establishment of a stratigraphy for 
this group has always been problematic. Mercier (1968) recognised a basal division 
comprising algal, micaceous and dolomitic marbles (Pgl, Fig 1.18), overlain by interbedded 
marbles and schists (Pg2-3). In the revised stratigraphy division Pgl is renamed the 
Kaimaktchalan Marble Formation, and division Pg2-3 the Kato Grammatiko 
Formation (Fig 1.18). The Kato Grammatiko Formation is, at least in part, a lateral, deeper-
water time-equivalent of the Kaimaktchalan Marble Formation, but also ultimately overlies 
the Kaimaktchalan Marble Formation. The Kato Grammatiko Formation has a gradational 
contact to the overlying Pelagonian Ophiolitic Nappe by way of the Arnissa Passage Beds 
Member (Fig 1.18), and marks a progressively deepening environment of deposition. The 
rationale for these subdivisions are discussed at greater length in chapter Two. 
Biostratigraphic data for the Pelagonian Marble Group are extremely limited, and are also 
reviewed in Chapter Two. Essentially, a Mid Triassic (Ladinian) to Mid Jurassic age for the 
Group is probable. 
The Brown Schists Member of the Pelagonian Ophiolitic Nappe is the equivalent of 
division Pg4 of Mercier and, in part, the Formation des Schistes Bruns of Bijon (1982). This 
member comprises intebedded sandstones, siltstones, conglomerates and melange which 
underlie, and are interbedded with, ophiolitic lithologies. A significant proportion of these 
sediments are ophiolite or volcanic derived. No biostratigraphic data exist for this member, 
but it can be shown locally to conformably overlie the Pelagonian Marble Group. The 
Pelagonian Ophiolite Nappe is equivalent to Les Roches Verte or Les Serpentines du 
Cortege Ophiolitique of previous workers, and is unconformably overlain by ?Late Jurassic- 
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Early Cretaceous carbonates of the Mavri Rhaki Formation (Pichon 1976, Fig 1.18). During 
the course of this project, the spatial distribution of the Mavri Rakhi Formation was found to 
be considerably more limited than previously appreciated. This has mainly been due to 
lithologies of both the Pelagonian Marble Group (Kato Grammatiko Fm) and the Cretaceous 
Transgressive Group (Lower Transgressive Fm) being wrongly assigned to the Mavri Rakhi 
Formation. In reality, the Mavri Rakhi Formation is confined in outcrop to the immediate 
vicinity of the type area. 
All of the above described lithologies are unconformably overlain by the Cretaceous 
Transgressive Group (Figs 1.17 & 1.18), which is further sub-divided into three 
formations. the Lower Transgressive Formation is the equivalent of division Pg9 of 
Mercier (1968), division Pg3 of Braud (1967) and the Serie Cretace Moyen of Pichon 
(1976). Two members are identified (Fig 1.18); the Basal Red Bed Member and the Bela 
Reka Member. The oldest fauna found in this formation are of Albian age. 
The Upper Transgressive Formation is equivalent to Mercier's division Pg 10. Mercier 
divided this formation into six (Figs 1.17 & 1.18). In the revised stratigraphy the Upper 
Transgressive Group is divided into four mappable members. The Rudist Breccia Member 
and Toupkouvkamen Member equate to divisions PglOa and PglOb respectively of 
Mercier, and division Pg4a of Braud. The Drossia Member is the equivalent of Merciers 
PglOc, PglOd and PglOe, and Brauds Pg4b, Whilst the PglOc, PglOd and PglOe divisions of 
Mercier are recognisable in the Drossia region, these sub-divisions are hard to trace in the 
Vermion and Kaimaktchalan Massifs, and considerable facies variations are evident. 
Consequently they are grouped together as the Drossia Member, which essentially 
comprises rudist rich reefal carbonates. The Kipsari Passage Member (Upper 
Maastrichtian) marks the upper limit of the Upper Transgressive Formation, and is 
equivalent to divisions PglOf and Pg5a of Mercier and Braud respectably. The overlying 
Pelagonian Flysch Formation was mapped as an undivided unit during the course of this 
work; the original sub-divisions of Mercier (1968) and Campion (1966) are hence retained. 
In established stratigraphic nomenclature individual groups and formations are usually 
named after a type locality or stratotype. This procedure has not been followed in this thesis 
due to the size of the field area covered (by mainly reconnaissance work), and the often 
marked and complex facies variations within the formations. Considerable more work is 
needed on the internal stratigraphy of this group throughout the field area prior to the 
formal establishment of type sections. The stratigraphy presented above is hence a working 
stratigraphy based on the clear and simple observation that the Cretaceous sediments are 
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Fig 1.17. Merciers stratigraphy (1968) for the eastern Pelagonian zone. 










E_I._.i__L 1 1 to 	pal' 2 







Ir,05 ' 	Echelle des houleurs: 






Dolomitic marbles with algae. 
Dolomitic marbles. 
Quartzite with chlorite. 
Micashists. 
SERIE PELAGONIENNE 
MêsocrêtaCé at NêocrêtaCê 
Pg 
Maestrichtiefl sup. 








Turorllerl 1?). 	000000 
-- QpQQOt 
V Iv 	v 




1 ft - ii 2 {öOoJ 3 ft V j 4 
1 1 	iS T-J6 r 1 7 	J8 
I _]9 r.1 10  I 	111 L 1j12 
Serpentinites, eroded at summit, with local laterites; 
Argillaceous carbonates. 3: Carbonates. 4: Microbrecciated carbonates. 
5: Calcarenites. 6: Rudist breccia. 7: Grey carbonates with Radiolites debris. 
8: Orbitoides rich carbontes. 9: Globotruncana rich carbonates. 






MERCIER (1968) BRAUD (1967) PICHON (1976) BIJON (1982) 
AGE Campion (1966) SHARP (this study) 
(K.Irnfltch.I.n. Arnie.. & N. Vermion) 
(N V onion) (V.,nrlOfl) 
000nskich.I.n, Amiss. A v.mmlon 
VP.I0000flO Pot 10 FlyOch P.IItiOUO 
ZZ Pg5b-Flysch 
Pelagonian Flysch Fm PgIlb Fly000 
Gr050-caIcarOpOIit 1 qU0 
P51 Is Flyoch achi.ro-cOi000 , A. 
- Mnotrichtiln p9101 100 Couches do P05.-I.. Cslc,ir.l M.rnouc 10010,1 9.00.9. MAr 
P.00990 so Flyoch , Giobotrunolno Serie  
C.Ic.irn.Oebril 
do RoOst. Pg4b-Calcaires 
Cretace Cretaceous Upper 
P9100 Coicoirso ocar0ouc a Rudistes 
Omn..i. MN, 
Trarrsgressive 
PolOc ClIcoiros 0,15 Sooth,. 0 0 
Superieur • . Oobris do Nudists Transgres&ive Fm  
°::°° 
Pg4a-Calcaires InupA ouok.,n.n Me, 2 
Marneux noirs 
P0100 Lo B10ch0 a Nudist. Nudist broods MAr  Low., C.rnp.nion - Microbreche  Group 
Coni.Ciln? PuOc Cobol,,. Jaunel 
on Pboquart,. Pg3-Conglomerates Oslo 
Serie Lower 
TurOnlon? at Calcaires O.k. 
P00b Conglonrerats. Graveteux Crelace Transgressive Mb, 
an Dattes Fm tP P99a C.bc.i,o. N Its at Moyen 
9... rod-boa Mbt MICrO-donglOmOrOtOl 
Lot.AINI.n . - 
.. . 	. . . 	................... .. ........................ .. 	 ., ................................................ 	 ... 
N0000,nI.n - Pg2-La Serie Formation de Formation de 
KInrbnOrldQlOfl 
 Schist-calcaire Mavri Rakhi Mavri Rakhi 
Mavri 	IiFm 
pa to. 900hos Volt,. Los Ophiotites 
Serpentinites Pelagonian 
Lee
CorlO0o Opt'ioiitiquO Los Amphibolites ophiote 
:° 	
, 
Las Marbes La Formation des nappe MDr 
Schisles BrunS 
p92-3p..o:Coi:alro, Pg 1-Les Calcaires Arn::P....o. et los Schisles - 
?Li.s Inferieurs Pelagonian 
0(100 Schi.too Chiorlrouo Kelo Grammatiko Fm 
Petagoniens Marble  
Pt Lee CipAllre , 	 1rc Norlon Group L ------- 
Lodinlon 
01100 MorbOo 0 *1000. 
------------ 
Kalmaktchalen Marble Fm 
171  P00 LOs Mi0550hIOt.. Cl I.. Onol.. Poi090nl.n. -T Kaimakichafan Metamorphic Group Moult K.Iwfltoh.Isn 
FIg 1.18! Previous straligraphic schemes for the Pelagonian zone of northern Greece and their relation to the stratigraphy presented in this work. 
Co) 
OD 
transgressive over all the underlying lithologies and can be clearly divided into three, 
regionally mappable, formations. This three fold division and formation names are also in 
keeping with the IGME Kozani and Piryoi sheets. 
1.7.3 Almopias zone 
The Almopias zone consists of a series of thin-skinned, Tertiary thrust sheets, each thrust 
sheet in tectonic contact over the adjacent moving westwards (Fig 1.19). Mercier (1968) 
further sub-divided the Almopias zone in to the Western, Central and Eastern Almopias 
zones, and recognised distinct tectono-stratigraphic units in each zone, each unit being a 
coherent sequence typically bounded below and above by a Tertiary reverse fault (Fig 
1.19). This stratigraphy is hence based on tectonostratigraphic principles (example 2 
outlined above), and is retained in this thesis with minor modifications (outlined below). 
The establishment of groups, formations etc. is not attempted due to the effects of 
deformation, metamorphism and poor biostratigraphical control. 
Western Almopias zone 
Mercier recognised two tectonostratigraphic units in the Western Almopias zone; the 
Kerassia Unit (Aptian-Albian to Maastrichtian) in the north and the Kedronas Unit 
(Turonian-Maastrichtian) in the south (Figs 1.19 & 1.20). These two units are retained (with 
minor modifications). However, a third distinctive unit of Late Jurassic (Oxfordian-
Kimmeridgian) to Lower Cretaceous age is also proposed; the Basal Kerassia Unit. This 
unit equates to the "Volcano-sedimentary and limestone formation of the Kerassia Unit" 
mapped on the IGME Arnissa sheet and the "Ecailles de Karidia" of Bijon (1982). The 
rationale for the establishment of this unit is discussed in Chapter Three. 
Central Almopias zone 
The Central Almopias zone comprises a series of NNW-SSE striking Tertiary thrust sheets 
exposed between the Kerassia Unit (Western Almopias zone) in the west and the Meglenitsa 
Ophiolite (Eastern Almopias zone) in the east. From west to east, respectively, these units 
include the Messimeri, Liki-Margarita, Klissochori, Nea Zoi and Vryssi Units (Figs 1.19 
& 1.21). Each unit is overthrust by the adjacent one moving eastwards. These 
tectonostratigraphic units were first identified by Mercier (1968) and Stais et al., (1990) and 
are retained here with minor modifications, which are discussed in the relevant sections of 
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Chapter Four. 
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Eastern Almopias zone 
Mercier (1968) divided the Eastern Almopias zone into two units, the Mavrolakkos Unit in 
the west and the Krania Unit in the east (Fig 1.19). The contact between the two units is a 
westward directed thrust, running roughly along the line of the Meglenitsa River (Figs 1.16 
& 1.19). Field mapping, however, has demonstrated that this contact is a folded and locally 
reverse faulted normal contact, and that the Mavrolakkos and Krania Units are essentially 
part of the same ophiolitic suite, here termed the Meglenitsa Ophiolite (Sharp & Robertson, 
1994, Chapter Five). This is supported by lava geochemistry, radiolarian determinations and 
facies analysis which are presented in Chapter Five. Figure 1.22 shows the revised 
stratigraphy of the Mavrolakkos (western) and Krania (eastern) Units of the Meglenitsa 
Ophiolite resulting from this work. 
1.7.4 Paikon zone 
A detailed reappraisal of the stratigraphy of the Paikon zone is outside the scope of this 
thesis. Consequently the stratigraphy presented in Figure L23 is essentially that of Mercier 
(1968). During the course of this research, however, the need for a reappraisal of the 
Cretaceous stratigraphy of the western Paikon zone became apparent. The results of this 
reappraisal are presented in Figure 1.23, and have been published as a short paper (Sh.arp & 
Robertson 1992). The Cenomanian age for the upper limit of the Cretaceous carbonates 
remains valid, but the overlying flysch (Pa9e of Mercier) is here renamed the Tchouka 
Flysch and assigned a basal age of Cenomanian-Turonian on the basis of new radiolarian 
determinations. The upper age limit of the Tchouka Flysch is unclear, but reaches at least 
into the Maastrichtian. Divisions PalO and Pal 1 of Mercier (see Chapter Six) are structural 
repeats and are hence abandoned. 
A minor point concerns the definition of the Paikon zone, or "arc", as used in this thesis. 
Mercier (op. cit.) originally assigned the Gola Tchouka, Kastaneri and Ghriva Formations 
(see Chapter Six) to the Guevgueli Unit of the Peonias zone based on the assumption that 
the Guvegueli ophiolite conformably overlay them. This is clearly not the case and the 
Guevgueli ophiolite is in tectonic contact over these formations (Brown & Robertson, 
1994). Lithologically and stratigraphically, these three formations are the equivalent of 
sequences exposed in the Paikon zone (Gropi Formation, Khromni Formation and 
Cretaceous Transgressive Formation respectively, Fig 1.23). Hence, in this thesis, the 
contact between the Paikon "arc" and Peonias "basin" is taken as the thrust which places the 
Guevgueli ophiolite over the Ghriva Formation (see Chapter Six). 
Mavrolakkos (western) Unit  Krania (eastern) Unit 
Flysch Member. Flysch Member. 
Terrigenous 	and 	calcareous, 	elastic 	"flysch, 	displaying 	classic Terrigenous and calcareous "flysch. Predominantly rudites and 
features associated with deposition by turbidity currents, interbedded arenites 	with 	interbedded 	volcanics 	and 	volcaniclastics. 	This 
with siliceous mudstones (predominantly at base of member) and member, and all the underlying members, are cut by granitic, 
siltstones. granophyric and basaltic sills and dykes. 
Age. Lower-?Mid Cretaceous. Age. Lower to ?Mid Cretaceous. 
Thickness: Top not seen, at least 250m. Thickness: Top not seen, up to 200m. 
Radiolarite Member. Radiolarite Member. 
Ribbon bedded radiolarite, muddy radiolarite, argillaceous chert and Ribbon bedded radiolarite, muddy radiolarite, argillaceous chert, 
siliceous mudstone. Rare pillow lava and thin-bedded sandstones. siliceous mudstone and thin sandstones. 
Age. Late Jurassic (Callovian) to Lower Cretaceous (Neocomian, Age. 	Upper 	Jurassic 	(Mid-Oxfordian) 	to 	Lower 	Cretaceous 
possibly extends to Barremian-Albian). (Valanginian, possibly extends to Berriasian-Turonian). 
Thickness: Variable, 0-25m. Only developed adjacent to Paikon 
Thrust and along contact with Mavrolakkos Unit. Not developed in 
Thickness: Variable, commonly 15-25m. central region. - 
Black Schist Member. Black Schist Member. 
Planar-laminated, 	black 	and 	green, 	ferruginous 	and 	micaceous Planar-laminated, black, ferruginous and micaceous mudstones, 
mudstones, 	thin 	sandstones 	and 	cherts, 	with 	minor 	pillow 	lava sandstones and iron-pyrite-carbonate concretions. Local massive 
intercalations suiphides 	along 	lava-sediment 	interface. 	Interbedded 	vesicular, 
khaki coloured lava. 
Thicknes: Very variable, commonly 8-15m.  Thickness: Up to 50m where fully developed. 
Lava Member. Lava Member. 
Thick volcanic pile of MORB pillow lava and local hyaloclastite. Thick 	pile 	of 	predominantly 	MORB 	pillow 	lavas, 	dolerites, 
hyaloclastite and local ribbon radiolarite. 
Thickness: Base not seen, at least 200m. Thickness: Base not seen, at least 200m. 
Fig 1.22. Revised stratigraphy of the Meglenitsa Ophiolite, Eastern Almopias zone. 
FIG 1.23 SIMPLIFIED STRATIGRAPHY. PAIKON ZONE. 
(modified after Mercier, 1968). 
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SECTION B: TECTONO-STRATIGRAPHY 
CHAPTER TWO: THE PELAGONIAN ZONE 
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CHAPTER FIVE: THE EASTERN ALMOPIAS ZONE 
CHAPTER SIX: THE PAIKON ZONE 
Chapter Two 
The Pelagonian Zone 
2.1 Introduction 
Within the confines of Greece Celet and Ferrière (1978) defined the Pelagonian zone to 
include all the successions of pre-Alpine and Alpine age between the Sub-Pelagonian zone 
and the basal thrust of the Almopiaszone (Fig 2.1). This sequence essentially comprises a 
complex metamorphic basement overlain by a predominantly carbonate cover of Triassic-
Jurassic age. Allochtonous Mid to Late Jurassic ophiolitic nappes overlie this sequence and 
are overlain by a mixed carbonate-clastic sequence of Late Jurassic to Palaeocene age. The 
Pelagonian zone, by definition, is also an allochtonous Tertiary nappe, thrust over the Sub-
Pelagonian and Pindos zones to the west, and in turn overthrust by the Almopias zone to the 
east. Several tectonic windows are identifiable in mainland Greece where the base of this 
nappe can be observed (e.g. Olympos and Kranea windows, Fig 2.2). As outlined in Chapter 
One, the present study is concerned with exposures of the Pelagonian zone north of the 
Aliakmon River and east of the VeghoritisfPtolemaida basin. Figures 2.2 and 2.3 are 
simplified maps and sections of the Pelagonian zone in this area. 
This chapter, due to it's size, is split into seven parts. Part one deals briefly with the 
basement geology of the Pelagonian zone of northern Greece, and in more detail with the 
passive margin units (Permo-Triassic clastic sequences and overlying Pelagonian Marble 
Group). Part two documents the passage from this passive margin setting to an active 
margin environment associated with the emplacement of the Pelagonian Ophiolitic Nappe, 
and is followed by part three which deals with Eohellenic deformation. Part four addresses 
the first transgressive deposits of the study area following the Eohellenic deformation and 
discusses the possibility of a second phase of Eohellenic deformation. The fifth part of this 
chapter deals with the subaerial emersion of the Pelagonian zone during the Cretaceous and 
is followed by a study of the sedimentological and stratigraphic evolution of the Cretaceous 
Transgressive Group (part six). The final (seventh) part addresses the Tertiary (Neohellenic) 
deformation. 
The stratigraphy utilised throughout this chapter, and its relation to previous stratigraphic 
schemes, is presented in figures 2.3 and 2.4. The stratigraphic framework was outlined in 
section 1.5.1 of Chapter One. The rationale for subdivisions of this refined stratigraphy are 
discussed in sections relating to the individual formations and members. 
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Almopias Thrust 
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Fig 2.1. The Pelagonian zone of the Hellenides (from Celet & Ferrière 1978). 
The Pelagonian zone includes all the structural sucessions of pre-Alpine and Alpine 
age between the Sub-Pelagonian zone (Maliaque) zone in the west and the basal 
thrust of the Almopias zone in the east. 
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PART ONE 
Metamorphic basement and passive margin units 
2.2 Metamorphic basement 
2.2.1 Introduction 
Mountrakis (1984), recognised two metamorphic basement massifs in the study area, the 
Voras and Vernon massifs/units from east to west respectively (Figs 2.2 & 2.5). In this 
study the Voras massif is renamed the Kaimaktchalan Metamorphic Group to avoid 
confusion with the metamorphic rocks of the Voras massif in the Almopias zone (see 
Chapter Four). 
Within the Kaimaktchalan Metamorphic Group (Voras unit) Mountrakis (1984) recognised 
a basal division comprising ortho-and augen-gneiss's and amphibolites overlain by mica, 
amphibolitic and phengite schists. These lithologies are cut by small unmetamorphosed 
granites. The Vernon massif.exposes a similar sequence of lithologies, but is cut by a large 
granitic mass west of Florina, which is dated as Upper Carboniferous in age (302 Ma, 
Mountrakis 1984). Hence, on the basis of this intrusive contact to the dated granite, the 
metamorphic rocks of the Vernon unit and Kaimaktchalan Metamorphic Group are thought 
to be of pre-Upper Palaeozoic age (Mountrakis 1982, 1984). Mountrakis also concluded 
that the Pelagonian basement of northern Greece does not comprise one homogeneous mass 
of metamorphic rocks, but rather that it is made up of a series of thrust sheets (Fig 2.5). 
Despite this, Mountrakis (op. cit.) suggests that the Vernon unit and Kaimaktchalan 
Metamorphic Group were originally part of the same basement which was later sliced by 
Eohellenic and Neohellenic deformation. 
The basement to the Pelagonian zone in the southern part of the study area (South of the 
Aliakmon River, Fig 2.2) is again divided into a series of thrust sheets, collectively making 
up the Pelagonian nappe. These thrust sheets are in tectonic contact over Mesozoic 
carbonates of the Olympos-Ossa and Kranea windows (Godfriaux 1968, Barton 1976, 
Nance 1976, Yarwood 1978, Kilias & Mountrakis 1987, Sfeikos et al., 1991, Schermer 
1993). The overlying Pelagonian nappe consists of augen-gneiss, amphibolite, garnet mica 
schist, amphibolitic schists, Mesozoic marbles and metabasic rocks. This sequence is 
intruded by granites of probable Late Carboniferous age (302±5my, Yarwood and Aftalion 
1976). The basement rocks of the western Pelagonian zone of northern Greece (north of the 
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Askion Mountains, Fig 2.2) also comprise interbedded schists and meta-basics intruded by 
granitic lithologies. Brunn (1956) concluded that the schists of this basement had an 
indisputable sedimentary origin. 
2.2.2 Kaimaktchalan Metamorphic Group - New data 
Whilst metamorphic rocks of the Kaimaktchalan Metamorphic Group were not studied in 
detail during the course of this study, significant new outcrops of basement lithologies and 
granitic intrusives are well exposed along the road which climbs the southern slopes of the 
Kaimaktchalan massif from Zervi (Fig 2.6). 2km WNW of Zervi, roadside exposures offer 
good sections through an essentially undeformed, homogenous, granite consisting of 
plagioclase, quartz and biotite, with the feldspars forming phenocrysts. The contact to the 
surrounding country rock is not exposed, but sillimanite-and ?cordierite-bearing hornfelses 
were identified higher up the road, and as rare xenoliths within the granite. These hornfelses 
probably resulted from contact metamorphism due to intrusion of the granite. Quartz and 
apalite sheets are locally developed radiating off the granite into the surrounding country 
rock. Moving uphill and eastwards (below Sabani, Fig 2.6) these granitic lithologies are 
progressively sheared into augen gneiss, feldspar phenocrysts forming the augen. A 
pronounced NNW-SSE trending mineral lineation, parallel to the B-tectonic axis of 
very rare isoclinal folds, accompanies this shear fabric (producing an L-S tectonite). 
Regional reconnaissance revealed that the upper levels of the Kaimaktchalan metamorphics, 
and indeed the 'basal' gneiss, also display this fabric. Perhaps even more importantly, the 
style of deformation which effects the Kaimaktchalan Metamorphic Group is identical to 
that which affects the overlying Pelagonian Marble Group (section 2.5). 
2.2.3 Regional comparisons and summary 
Mountrakis (1984) describes the Kastoria-Florina granite as being intrusive into schists; 
nowhere does he describe an intrusive contact to gnéiss. Similarly, no granite/gneiss 
intrusive contact was observed in the Kaimaktchalan massif. Rather, the granite/gneiss 
contact is a tectonic one, with undeformed granite progressively sheared and deformed to 
form augen gneiss. This would suggest derivation of the "basement" gneiss of the 
Kaimaktchalan Metamorphic Group and Vernon unit from Late Carboniferous granites. 
This hypothesis is supported by the work of Sfeikos (1991, 1992), who showed that the trace 
element patterns of gneiss's and mylonites in north Thessaly indicate a igneous origin, and 
are geochemically identical to undeformed Late Carboniferous granites. Sfeikos hence 
concluded that the granites were the protoliths of the gneiss's and mylonites but escaped 
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Alpine deformation. This situation is clearly analogous to that developed in the 
Kaimaktchalan Massif. Sfeikos (1992) went on to show that the trace element patterns of 
both the granites and gneisss are of subduction-collision I-type, and that amphibolites and 
amphibolitic schists of the Pelagonian basement were also produced in a subduction zone 
setting. It is thus probable that the Pelagonian basement rocks of northern Greece were 
produced in a collisional setting. As to whether this collision was related to the subduction 
and closure of Palaeotethys remains to be tested. 
Yarwood and Aftalion (1976) dated the Pieria granodiorite in the Thessaly massif of the 
Pelagonian zone (Figs 2.1 & 2.2) as 302±5my. Yarwood (1978) went on to conclude that the 
primary bedding-parallel, foliated and lineated fabric and deformation of this region was 
produced during Alpine deformation (1 20±3my), coeval with regional metamorphism and 
major thrusting in a terrane consisting of both sedimentary or meta-sedimentary rocks and a 
mass of Carboniferous granite. Nance (1981), Frost (pers. comm. in Yarwood 1978) and 
Ferrière (1973) reached almost identical conclusions from their work in the Livadia and 
Pilion mountains respectively. On the basis of the above evidence it appears that the main, 
penetrative, foliation of the Pelagonian basement of northern Greece was produced 
during Alpine deformation. Mountrakis has proved, however, that the country rocks to the 
granitic intrusives did possessa weak schistocity in the Vernon region (1982, 1984), and 
hence that a deformed, pre-Late Carboniferous basement must have existed in the 
Pelagonian zone. 
In summary, the Pelagonian basement of northern Greece initially comprised a sedimentary 
or metasedimentary sequence (including dismembered basic ophiolitic lithologies?, e.g. 
Livadia complex of Nance 1981) which was at least partially deformed during the 
Variscan orogeny. Syn- to post-collisional granites intrude this sequence. During the 
Late Jurassic (Vergely 1984) or Lower Cretaceous (Yarwood 1978, Nance 1981, Frost 
pers. comm. in Yarwood 1978, Schermer 1989, 1990) this terrane underwent regional 
metamorphism and thrusting, resulting in the deformation of the Carboniferous 
granites to produce augen gneiss's and mylonites, and the primary foliation of the 
Pelagonian basement. This deformation also effected the Mesozoic carbonate cover of the 
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Fig 2.5. Geological map and section of the Pelagonian zone in northwestern 
Macedonia (from MountrakisJ 1984). Mountrakis distinguished two metamorphic 
massifs in this region, the Voras (here renamed the Kaimaktchalan Metamorphic 
Group) and the Vernon units from east to west respectively. 
FlU Zb sinpunea geouogucai iiitp  
(modified from IGME Arrissa sheet). 
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2.3 The Pelagonian Marble Group 
2.3.1 Introduction 
The Pelagonian platformal marbles, represented in the study area by the Pelagonian Marble 
Group, overlie the basement lithologies of the Kaimaktchalan Metamorphic Group, and are 
themselves overlain by the Pelagonian Ophiolite Nappe (Figs 2.3 & 2.4). The term 
Pelagonian platform marbles collectively describes a thick sequence of predominantly 
shallow-marine carbonates of Triassic-Jurassic age which characterise the Pelagonian zone 
of Greece (Celet & Ferrière, 1978). The Pelagonian platform of southern and western 
Greece is well known (e.g. Argolis and Othris), but due to more intense Alpine-aged 
metamorphism, the Pelagonian platform of northern and eastern Greece is relatively little 
known. 
Brunn (1956) first established a Middle Triassic-Jurassic age for the Pelagonian platform in 
northern Greece, based on Teutloporella sp. (Anisian-Ladinian) in the Siatista and Galatini 
regions (Fig 2.2). This was followed by the work of Mercier (1968) who identified algae of 
Norian age in the Kaimaktchalan massif. Mountrakis (1982) and Papanikolaou & 
Zambetakis-Lekkas (1980) dated the carbonate cover to the Vernon unit as Middle Triassic 
in it's lower part, passing up into the Jurassic. Mavrides (1979, 1980) confirmed the Middle 
Triassic age for the base of the Pelagonian marbles in the Askion region, and went on to 
date the carbonates south of the Vourinos ophiolite as Upper Ladinien-Lower Norian based 
on conodont identifications. He also extracted a Upper Lias fauna from carbonates directly 
beneath ophiolites in the Siatista region. Hence, despite the sparcity of fauna, the 
Pelagonian marbles of northern Greece can be dated as Middle Triassic at their base and at 
least Upper Liassic in their upper part. 
Apart from the work of Mercier (1968) and Brunn (1956), very little work has been carried 
out on the Pelagonian Marble Group in the study area. Pichon (1976) produced a map and 
sections of the Pelagonian sequences of the Vermion massif, but did not discuss the 
stratigraphic and sedimentological evolution of the group, leaving them essentially 
undivided (Fig 2.4). In the following section a revised stratigraphy (Figs 2.3 & 2.4), based 
on reconnaissance mapping and sections (Figs 2.9, 2.11 & 2.15), is presented for the 
Pelagonian Marble Group of the study area. Due to metamorphic overprint and pervasive 
deformation, stratigraphic and sedimentological analysis of the Pelagonian Marble Group 
will always be difficult. Biostratigraphical data for the Pelagonian Marble Group are also 
extremely limited. Despite these drawbacks, and the often structurally complex nature of the 
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Pelagonian Marble Group, comparisons to adjacent less deformed areas and the utilisation of 
field-based lithostratigraphic, tectonostratigraphic and sedimentological studies have shed a 
considerable amount of light on this previously little known group. The stratigraphy 
presented here is thus a composite one based on the time and data available. It is certainly 
not exhaustive. 
As outlined in Chapter One, the main stratigraphical conclusions of this work are that the 
Pelagonian Marble Group can be subdivided into two distinctive formations: The 
Kaimaktchalan Marble Formation (KMF) and the overlying Kato Grammatiko 
Fonnation (KGF). The upper limit of the Pelagonian Marble Group and the Kato 
Grammatiko Formation is marked by the Arnissa Passage Beds Member (APBM, Figs 2.3 
& 2.4). 
2.3.2 Basement-cover relationships 
2.3.2.1 Introduction 
Within the study area the contact between the basement rocks of the Kaimaktchalan 
Metamorphic Group and the Pelagonian Marble Group is nowhere a clear unconformity as 
described elsewhere for the basement-cover contact of the Pelagonian zone (e.g. Othris, 
Smith et al. 1975). In fact, Mountrakis (1984) suggests that the contact between these two 
groups is tectonic in the Kaimaktchalan massif (Fig 2.5). 
During the course of this study the contact zone between these two groups was identified as 
being the site of shearing and mylonitization, but the degree of tectonic dislocation along 
this contact is unclear. For example, west of Patima (Fig 2.6), the contact appears 
gradational, with chloritic schist, mica-schists and calc-schists of the Kaimaktchalan 
Metamorphic Group passing up progressively into white, sugary, micaceous marbles. 
Although closely spaced internal shears are common throughout the whole section, no clear 
unconformable, tectonic or metamorphic break is evident. Similarly, the basement-
marble contact exposed west of Loutraki (Chrisotopos region, Fig 2.6), reveal mica and 
chlorite schists of the Kaimaktchalan Metamorphic Group passing into the basal marbles of 
the Pelagonian Marble Group without a significant tectonic or metamorphic break. Mercier 
(1968) described a similar gradational basement-marble contact from the Kaimaktchalan 
massif, as did Migiros and Galeos (1990) and from upthrusts of "Pelagonian basement" 
exposed in the Voras massif of the Almopias zone. 
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It also became clear during this study that the uppermost levels of the Kaimaktchalan 
Metamorphic Group, and the lithologies directly underlying the Pelagonian Marble Group, 
display an inherent compositional banding (e.g. Osmanakos region, Fig 2.6). This 
compositional banding is undoubtedly of primary sedimentary origin, reflecting 
interbedded psammites and pelites. Interbeds of calc-schists and calc-psammites are also 
developed within the Kaimaktchalan Metamorphic Group towards the contact to the 
overlying marbles, confirming a sedimentary origin for at least the upper levels of the 
Kaimaktchalan Metamorphic Group. 
2.3.2.2 Basement-cover relationships -Vernon and Galatini regions 
Information capable of spreading more light on the contact between the Pelagonian 
basement and marble cover in the Pelagonian zone of northern Greece has been forthcoming 
from the Vernon and Triklarion massifs (Fig 2.5). In this region Mountrakis (1982, 1984, 
1987) described a clastic sequence of ?Permo-Triassic age which unconformably overlies 
the metamorphic basement and passes gradationally up into a carbonate cover of Middle 
Triassic age. Arkoses and meta-conglomerates in these units are mainly composed of 
detrital potassium feldspar clasts derived from the Kastoria granite. Rounded quartz and 
schistose fragments are also encountered, interpreted by Mountrakis (op. cit.) as evidence 
for a low-grade metamorphic event in the Pelagonian basement prior to the Carboniferous. 
This meta-clastic sequence consists, in its upper part, of interbedded psammitic phylites, 
arenites, calc-schists and arenaceous carbonates. Andesites, tuffs and basic-rhyolitic dykes 
are also preserved in this sequence. 
Similarly, Brunn (1956) described a slightly metamorphosed, red-bed, clastic sequence 
which unconformably overlies crystalline basement rocks in the Galatini region (Figs 2.2 
& 2.8). This clastic unit is overlain, without discordance, by a thick sequence of 
Pelagonian platform carbonates. Smith et al. (1975) record an identical sequence from 
Othris. 
2.3.2.3 Summary 
In conclusion, evidence from the western Pelagonian zone suggests that the metamorphic 
Vernon unit is unconformably overlain by a meta-clastic sequence of ?Permo-Triassic 
age. This meta-clastic sequence is gradationally overlain by carbonates of Middle Triassic 
age (Fig 2.7A). An identical sequence is reported from the Askion and Vounassa regions 
(Brunn 1956, Fig 2.8) and Othris (Smith et al. 1975). Mountrakis (1984) concluded that this 
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Fig 23A. Lithostratigraphic sections of the western Pelagonian zone in northwestern 
Macedonia (from Mountrakis, 1984). The Aposkepos series of Mountrakis includes a 
Permo-Triassic sequence at its base which passes conformably up in to Triassic 
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Fig 2.8. Schematic section of the Pelagonian zone in the Askion and Vounnos region (from 
Pichon 1976, & Brunn 1956, see also Fig 2.2). The metamorphic basement (1, metasediments and 
mica schists) is unconformably overlain by a slightly metamorphosed, red-bed, elastic sequence of 
?Permo-Triassic age (2). This elastic sequence is overlain, without discordance, by an interbedded 
sequence of calcarenites, thin—bedded red and green micrites and schists (3) which pass up 
gradationally into a thick sequence of Triassic algal marbles (4). The top of the Pelagonian 
platform is marked by an interbedded sequence of strongly folded cherty carbonates (caic-
turbidites), volcaniclastic schists and radiolarites (5) which are overlain by a thick sequence of 
ophiolitic rocks (6-serpentinized peridotites and aniphibolite, 7-harzburgite and dunite, 8-
lherzolites and gabbros, 9-gabbros, lO-dolerites and tholeiitic lavas, I 1-radiolarite). Locally these 
ophiolitic rocks are unconformably overlain by Late Jurassic-Lower Cretaceous carbonates or 
more commonly by a thick sequence of Cretaceous (Albo-Cenomanian) carbonates (12-14). 
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meta-clastic sequence was absent from the Kaimaktchalan massif, and that the overlying 
Pelagonian marbles were in thrust contact with the basement. Whilst there is clear evidence 
of mylonitization and displacement along this contact, observations during the course of this 
work would favour Merciers' (1968) interpretation of an originally gradational contact 
between the marbles and the underlying metamorphics, despite local thrust dislocation. The 
interpretation of the upper levels of the Kaimaktchalan Metamorphic Group as meta-
sediments, and as having a gradational contact to the overlying marbles without a visible 
tectonic, and more importantly, metamorphic, break is clearly significant. It suggests that 
the ?Permo-Triassic clastics may well be present in the upper levels of the Kaimaktchalan 
Metamorphic Group, but have undergone higher-grade Alpine deformation than their 
western counterparts, as has the Triassic carbonate cover. 
2.3.3 The Kaimaktchalan Marble Formation 
2.3.3.1 Introduction 
The Kaimaktchalan Marble Formation (KMF) makes up the lower division of thç 
Pelagonian Marble Group (Figs 2.3 & 2.4), and consists of a thick sequence of carbonate 
lithologies of neritic facies (algal, loferitic or feneskrcL carbonates). This formation is 
lithologically very different from the overlying, and locally lateral time equivalent, Kato 
Grammatiko Formation (KGF), which comprises repedosited carbonates. This observation 
forms the basis for the division of the Pelagonain Marble Group into two distinct formations 
in northern Greece. For ee of presentation descriptions of the sequences are given here b ) 
geographical location. 
2.3.3.2 The Kaimaktchalan Marble Formation - North of the Nission Fault 
Only the lower part of the Pelagonian Marble Group is represented in this region, with 
dolomitic and algal marble of the KMF unconformably overlain by Maastrichtian 
carbonates (Figs 2.6 & 2.713). Mercier (1968) described a sequence of white, dolomitic and 
sugary marbles (with local traces of algae) which are brecciated in their upper part in his 
section. The dolomites of the lower part of the sequence are well exposed in track cuts north 
and northwest of Tchouka (Fig 2.6). These dolomites are generally massive and featureless, 
and comprise deformed and elongate plates of calcite and drusy micrite, with the individual 
calcite plates typically surrounded by microcrystalline dolomite rhombs. Detritral mica and 
minor quartz and feldspar are also present. 
61 
Exposures north of Tchouka (up-section from the previous locality), consist of interbedded 
sugary and fenst marbles (50cm interbeds). Fenstral fabrics are only locally developed, 
and have undergone a marked bedding-parallel shearing (Plate 2.113). Locally one can pick 
out "C" shaped bedding-parallel fenstrae, which Mercier (1968) identified as poorly 
preserved algae of Norian age (Gryphoporella curvata). Moving eastwards, the "tectonic" 
marble breccia of Mercier (op. cit.) is encountered. Similar breccias were also encountered 
as pocket deposits within the marbles, and several lines of evidence suggest that these 
features are the result of karstic weathering which developed prior to the Cretaceous 
transgression (section 2.7). 
In track cuts east of the ruined village of Patima (Fig 2.6) the basal dolomitic marbles are 
again overlain by algal marbles. After the first 30m of dolomitic and sugary marbles, poorly 
developed "fiamriie" structures start to become visible. Within the sugary marbles one can 
also pick out large (10cm long) areas of blocky calcite concentrated in distinct beds. These 
are possibly the remnants of large shelly fossils (?megalodonts). Loferitic and algal 
stromatolitic (i.e. domed topped) structures start to become better preserved the further east 
one goes, with algal stromatolites interbedded in 50cm intervals with sugary and dolomitic, 
structureless marbles. In thin section the fenstral marbles comprise well-developed laminoid 
fenstrae which are elongated parallel to bedding (Plate 2.1A). These fenstrae are infihled by 
blocky calcite, although rare geopetal infills of micrite were identified in the basal part of 
some fenstrae and are overlain by blocky calcite infills. The matrix to these fenstrae consists 
of structurless or irregularly laminated micrite, although local pelloidal structures are 
identifiable (Plate 2.IA). One horizon rich in angular intraclasts is also present, possibly 
representing a desiccation horizon. 
2.3.3.3 South of the Nission Fault - Detroit de Kozani 
South of the Nission Fault the Pelagonian Marble Group is exposed along both sides of the 
Veghoritis basin, outcrop extending as far south as the Aliakomon River (Fig 2.2). Brunn 
(1956) termed this area of outcrop the "Detroit de Kozani", a geographical region 
comprising a thick carbonate sequence bounded to the north and south by metamorphic 
basement. The "Detroit de Kozani" is fault bounded at both its northern and southern limits 
(Nission and Servia Faults). During the course of this work only the eastern side of the 
Detroit de Kozani was studied. This work concentrated on the Arnissa and western Vermion 
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regions. 
2.3.3.4 Amissa region 
In the Arnissa region, marbles of the KMF are well exposed in road and lake side exposures 
south of the village (Fig 2.9, Plates 2.IC and 2.2A). Again, a pronounced bedding-parallel 
schistosity, boudinage and mineral lineation fabric are apparent (Plate 2.IC and 2.2A). 
Despite this, rhythmic interbeds of fenstral and sugary dolomites identical to those described 
in section 2.3.3.2 are well exposed. Lakeside exposures and exposures along the line of 
raised beaches on the peninsula and small islet south west of Arnissa are exclusively in 
massive marbles, dolomites, sugary marbles and algal marbles. Somewhat deformed algal, 
fenstral and sugary dolomitic marbles are also exposed north of Arnissa. In all sections 
fenstral marbles of the KMF are overlain gradationally by cherty carbonates of the KGF 
(Figs 2.9, 2.13 & 2.14). 
2.3.3.5 Western Vermion 
The Pelagonian marbles which crop out between the foothills of the Vermion and Lake 
Veghoritis were not studied in detail, but reconnaissance work revealed marbles belonging 
to the IUvIF (well exposed in road cuttings along the route of the Edessa-Ptolemaida 
highway, including massive sugary, dolomitic and fenstral marbles). Moving eastwards 
towards the foothills of the Vermion massif the KMF is seen to pass up into the KGF, 
although the contact is both fold-and fault-repeated and poorly exposed. Exposures in the 
foothills of the Vermion between Kato Gramatiko and Messovounon are exclusively within 
the KGF, and outcrops of the KMF only reappear south of here in and around Messovounon 
(Fig 2.9). In this region deformed fenstral marbles of the KMF are encountered along the 
NE-SW trending ridge north of Messovounon and in the hairpins which wind uphill 
eastwards towards Reis Tsifliki. The nature of the contact to the overlying KGF is again 
complicated due to regional-scale overfolding and reverse faulting. For example, fenstral 
marbles of the KMF east of Messovounon are in thrust contact with the lower limb of a 
regional-scale, SW verging fold, which locally results in serpentinites and ophiolite derived 
arenites and mudstones of the Pelagonian Ophiolitic Nappe resting with a tectonic contact 
directly on fenstral marble (Section 2.5.5 and Fig 2.43). Fenstral and sugary marbles of the 
KMF are seen to reappear climbing the road eastwards to Reis Tsifliki, and appear to be on 
the inverse limb of the same fold. The normal limb of this fold is thrust out, again resulting 
in ophiolitic lithologies being thrust directly across strongly deformed fenstral and dolomitic 
marbles in the vicinity of Reis Tsifliki col (Figs 2.9, 2.11 & 2.22, see also Section 2.5.5, Fig 
2.43). Similar tectonic complications are devloped along Psila Livadia ridge. 
Moving southwards, a large transverse fault offsets the inverse limb of the mesoscale fold, 
but the same band of schists, arenites and serpentinite can be mapped continuing southwards 
towards Mavri Rakhi (Fig 2.9). All lithologies encountered to the west of, and structurally 
beneath, this band of schist belong to the KMF (e.g. well exposureed in the vicinity of 
Kagelia, Fig 2.9, with individual algal laminae separated by sparite-filled fenstrae visable at 
outcrop). Working south eastwards uphill from this locality, the schist band is again seen to 
be in tectonic contact over the fenstral marble. The schist horizon passes ?conformably up 
into red nodular and platy carbonates, radiolarites and siliceous mudstones of the KGF, and 
are, in turn, thrust over by a thick sequence of carbonates attributed to the KMF (Figs 2.9, 
and Fig 2.11, log 1). As well as massive dolomitic and fenstral marbles, echinoderm, 
gastropod and shell-rich horizons are also developed in this section. As the road nears the 
saddle between Soumala (I 302m) and Koslouki (1 366m), marbles of the KMF pass up into 
platy and cherty carbonates, radiolarites, schists, fine-grained arenites, siltstones and 
mudstones of the APBM and BSM prior to passing into ophiolitic lithologies. The entire 
sequence and structure exposed in this section is clearly similar to that described between 
Messovounon and Reis Tsilfliki. 
Somewhat more deformed fenstral and sugary dolomitic marble also form the foothills SE of 
Komnina. Current bedding is discernable in "gritty" dolomites rich in winnowed shell debris 
in this region. These marbles are again in tectonic contact with a schist/serpentinite band 
where the road to Mavri Rakhi reaches the col west of spot height 1210m (Figs 2.9 and 2.15, 
log 3). The schist band at this locality is also associated with cherty limestones and siliceous 
red, green and brown mudstones typical of lithologies of the uppermost levels of the 
Pelagonain Marble Group (Arnissa Passage Beds Member). At this locality the schist band is 
up to 20m wide and is, in turn, thrust over by another slice of highly deformed fenstral 
marbles which is ultimately overlain, tectonically, by ophiolitic melange and serpentinitic 
mudstones/arenites (Fig 2.15, log 3, see also Fig 2.49). This structural sequence is again 
similar to that described above and east of Messovounon. 
2.3.3.6 Ayios Dimitrios region 
Algal and fenstral marble of the KMF are locally well exposed in this region but are 
generally very folded. Good algal and fenstral marbles are particularly well exposed along 
the Bizantino river valley (Figs 2.23 & 2.69), associated with echinoderm rich packstones. 
These marbles are overlain conformably by cherty carbonates of the KGF (Fig 2.15, logs 5 
&6). 
2.3.3.7 Depositional environments 
All lithologies of the KMF are of an indisputable neritic facies association. Despite 
extensive recrystallisation and penetrative deformation, low strain zones were occasiona!Iy 
encontered (e.g. east of Patima in the Kaimaktchalan massif, and in the Kagelia region of 
the southern Vermion). At these localities sedimentary facies analysis was possible. 
The most characteristic facies of the KMF is the intimate association of fenstral and 
massive sugary, and often dolomitic, marbles. This association is typical of Triassic 
platformal carbonates of the Tethyan belt (e.g Bernoulli & Jenkyns 1974, Fischer 1964). 
The fenstral marbles (also known as loferitic marbles) are typical of deposition in supra- to 
sub-tidal flat environments, and are particularly common in the Landian-Norian interval of 
Tethyan carbonate platforms, perhaps the best known examples being from the Austrian 
Tyrol (Norian "Hauptdolomit', Fischer 1964, Toschek 1968, Muller-Jungbluth 1968). Two 
types of fenstral marble were identified in the study area; laminoid fenstral marbles and 
irregular fenstral marbles. The former are the most common, consisting of mm-thick 
laminae of structureless, locally pelloidal micrite, separated by sparite-filled fenstrae (Plate 
2.1 A). In the irregular fenstral marbles the fenstrae have no recognisable alignment. One 
horizon rich in bedding-elongate intraclasts (with curled edges) east of Patima most 
probably represents a sub-aerial emergence surface (?associated with drying out of algal 
mats). 
The intqrbedded dolomitic marbles are relatively homogeneous, consisting of 40-to 60cm-
thick horizons of dolomitic micrite. Irregular fenstral fabrics are also present, infilled by 
early diagenetic dolomite (Plate 2.1D). Individual calcite or micrite grains are typically 
surrounded by dolomitic crystals in this facies, which most likely result from evaporation of 
sea water in a supra-tidal setting (?brought to the surface by capillary action, Shinn, 1983) 
resulting in the precipitation of dolomite. 
The third facies (rare) of the KMF consits of calcarenites and micrites with scatterd traces of 
gastropod, echinoderm and shell debris (?Megalodonts). Normal and inverse grading and 
internal truncation surfaces are characteristic. This facies most probably resulted from 
periodic drowning of the tidal flat environment to allow sedimentation in an intra- to sub-
tidal setting. 
In summary, the distinct facies association of the KMF points to sedimentation in a supra- 
to sub-tidal setting, as typical of back reefal facies of Triassic Tethyan platforms (e.g. 
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Bernoulli & Jenkyns 1974). This implies tectonic quiesence for the Pelagonian zone during 
the ?Middle and Upper Triassic. No reef or fore-reef facies were encountered, and hence the 
platform edge could not be identified. Most likely the eastern edge of this platform is buried 
beneath the thrust sheets of the Almopias zone to the east, whilst the western limit is 
preserved in the Sub-Pelagonian zone (Robertson et al. 1991). However, lithologies of the 
KGF, at least in part, represent basinal to slope carbonate sedimentation coeval and younger 
than the KMF. Facies typical of this formation, and their spatial relationship to the KMF, are 
disscussed in the following section. In terms of thickness the KMF appears to be at least 
800m thick, although structural repetition and/or cut out is common. Only future detailed 
mapping and section logging within the KMF will produce an aèrate thickness. 
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2.3.4 Kato Grammatiko Formation 
2.3.4.1 Introduction 
The Kato Grammatiko Formation (KGF) equates to Les Calcaires Inferieurs of Braud (1967) 
and division Pg2-3 of Mercier (1968, see Fig 2.4). The road between Kato and An 
Grammatiko is the type section of Braud, and offers a continuous roadside section through 
interbedded cherty limestones, chioritic schists and localized cherts and nodular carbonates 
which typify the KGF (Fig2.10). This section is retained as the type section. 
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The criteria of Brunn (1956), Braud (1967) and Mercier (1968) for placing these lithologies 
above the KMF came predominantly from comparisons to the Askion, Vounassa and 
Vourinos regions (Figs 2.2 and 2.8). In this region algal marbles are conformably overlain 
by thin-bedded cherty marbles, schists and radiolarites and ultimatley ophiolitic nappes (Fig 
2.8). This sequence is now widely recognised for the Pelagonain platform throughout 
mainland Greece (e.g. Celet and Ferrière 1978, Baumgartner 1985, Robertson et al. 1991). 
Following mapping and logging, an identical sequence was established for the Pelagonian 
zone exposed in the western Vermion, with the KMF passing upwards into cherty carbonates 
of the KGF and ultimatley into the Pelagonian Ophiolitic Nappe (Figs 2.3, 2.4). 
The KGF attains it's maximum thickness (up to 450m) in the vicinity of Kato Grammatiko 
(Fig 2.10), although an acairate thickness is difficult to establish due to fold-and thrust-
repetition. Towards the north (Arnissa area) the KGF thins considerably. The KGF can be 
mapped southwards from Kato Grammatiko to overlie lithologies of the KMF as far as 
Messovounon. South of here structural complexities fold-and thrust-repeat the stratigraphy, 
as described in Section 2.3.3.5. Despite this, the KGF was always encountered 
stratigraphically above the KMF. The KGF again appears to show a marked depositional 
thinning south of Messovounon, similar to that developed moving northwards towards the 
Arnissa region. It is thus suspected that the area between Messovounon in the south, and 
Arnissa in the north represents an area of basinal sedimentation bounded by platform highs 
to both the north and south, in which a thick sequence of redeposited carbonates 
accumulated (section 2.3.4.6). 
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2.3.4.2 Kato Grammatiko Formation - Type area 
Figure 2.10 is a stratigraphic log of the road section east of Kato Grammatiko. In this region 
the contact to the underlying KMF is not exposed, and the KGF is clearly fold-and fault-
repeated. Despite this the roadcut offers the best exposed and most accessible section. 
The basal exposures comprise white and grey, structureless, recrystallised, micritic marbles 
with abundant bedding-parallel replacement chert. Several of the beds have distinct fine-
grained, pink, micritic tops. All features of these lithologies suggest they are typical slope 
calc-turbidites. 
The above described lithologies are sharply overlain by an angular, intra-formational, 
marble conglomerate, which is erosive into the underlying turbidites. Three distinct 
lithologies are evident as angular clasts within this conglomerate, including large (1m 2) 
angular clasts of loferitic and fenstral marbles (c.f. KMF, Plate 2.213). The other clasts are 
lithologically identical to the underlying calc-turbidites (i.e. intra-formational). The matrix 
to this conglomerate consists of pink, red, purple and green micrites and schists. Ferruginous 
crusts to several of the clasts was noted. This conglomerate is sharply overlain by a schist 
horizon which contains smaller, rounded, clasts of identical marble to that described above. 
This unit is, in turn, overlain by green fissile schists and thin-bedded, deep purple, cherts. 
Thin micritic marbles, calc-schists and ?tuffaceous schist become more apparent towards the 
top of this unit. 
CaIc-turbidites are in thrust contact over the above unit, with the schist and chert interval 
progressively cut out north of the road (Fig 2.10). Such slicing and stratigraphic cut out is 
commonplace throughout the KGF, and is predominantly located within these schist and 
chert interbeds. The calc-turbidites exposed in this unit comprise interbedded white, beige, 
dull grey and black micrites, with pink micritic lithologies delineating the tops of individual 
beds. The abundant replacement chert is concentrated in the upper levels of individual 
turbidites (Plate 2.2C). 
Interbedded green, beige and red ?tuffaceous, foliated and sheared schists with thin micrite 
lenses are in tectonic contact over this unit, and pass up into cherty, pink and grey marbles 
and purple cherts and cherty limestone. This unit is overlain by red, nodular, micrites with 
ferruigenous and schist partings. Anastomising stylolitic partings seperate the individual 
micrite nodules, with ferruigenous (hematite) and terrigenous material weathering proud 
(Plate 2.IE). Interbedded calc-turbidites, schists, cherts and red, nodular micrites are 
exposed over the following 25m (Fig 2.10). The contact to the overlying caic-turbidites and 
siliceous schists is quite sharp. This interval is tectonically overlain by calc-turbidites which 
comprise beige, dark and light grey micrites. Faint parallel laminations are occasionally 
present in the upper levels of these beds. Replacement chert is ubiquitous, often forming 
laterally continuous horizons. A thin (50cm thick) calc-rudite horizon is also developed, 
displaying a sharp erosional base to the underlying micrites and a gradational top to buff 
micrite with replacement chert.' 
Pichon (1976) and Braud (1967) suggested that the interbedded schists, cherts, siliceous 
carbonates and rare calcarenites which crop out in the remainder of the section overlie all the 
above described lithologies with a marked discordance. Pichon also suggested evidence for 
a structural break across this contact, and assigned the overlying unit to the Mavri Rakhi 
Formation (Section 2.6). No such evidence was encountered in this study, with the overlying 
units clearly conformably passing up from the calc-turbidites (Fig 2.10). Moreover, no 
structural break is evident. Lithologies on both sides of this contact have both been affected 
by the same deformation episodes, including the Eohellenic (Late Jurassic) event (section 
2.5). 
Pichon (1976) recorded a thrust contact to the next unit, which was confirmed, although the 
overlying units are clearly structural repeats of KGF lithologies. Ophiolitic lithologies are 
missing from the top of this section, and the unconformity surface to the spectacular 
Cretaceous conglomerates is a sharp and clean-washed contact. Vergely (1984) assigned a 
thin unit of marbles immediately beneath the conglomerates to the Mavri Rakhi Formation 
on the basis of their structure (assigned by Pichon to the Pelagonian Marbles!). Deformation 
within these marbles is here related to Tertiary deformation (Section 2.9), and the marbles 
are assigned to the KGF. The clear confusion as to what does, and does not, belong to the 
Mavri Rakhi Formation is crucial to understanding the evolution of the Pelagonian zone, and 
this problem is addressed in section 2.6. 
Excellent exposures of the KGF are also developed along the western slope of Strondeighi 
and persist west of Kato Grammatiko (Fig 2.9). West of the Kato Grammatiko-main 
highway road junction, typical calc-turbidites are exposed to form the low hills and are 
gradationally overlain by a conglomerate identical to that described from the base of the 
KGF type section (Fig 2.10 and Plate 2.213). This conglomerate is wholly intra-formational 
within calc-turbidites, with the basal portion marked by red mudstone and micnte filled 
fissures, which extend at right angles to bedding into the calc-turbidites. This conglomerate 































Fig 2.10 Kato Grammatiko Formation. Type section 







The type section follows the improved road cut from 
Kato Grammatiko uphill eastwards towards Ano 
Grammatiko and exposes an interbedded series of caic-
turbidites (with prolific replacement chert), chioritic 
schists, ribbon bedded radiolarite and red nodular 
carbonates. The so called unconformity" of Pichon 
(1976) is well exposed in the road and valley section 
and is marked by a N-S trending schist band. The 
structural and sedimentological evidence do not agree 
with the interpretation of this contact as an 
unconformity, and the overlying sediments are here 
assigned to the KGF. The unconformity to the 








pelagic micrites. The presence of numerous stylolitic and anastomising partings within this 
pink carbonate, rich in ferruginous and clay minerals, suggests they are the site of 
considerable dissolution, resulting in the development of insolu ble residue along the 
stylolites. These carbonates are overlain by a thick sequence of tuffaceous and siliceous, 
beige, purple and red well-cleaved schists and radiolarites. Unfortunately, the radiolarians in 
this section have been transformed to small strain ellipses during deformation, as well as 
undergoing pervasive recrystallisation. Eastwards, uphill, the radiolarites are tectonically 
overlain by a thick sequence of caic-turbidites. This entire sequence is hence very similar to 
that encountered at the base of the KGF section (Fig 2.10), and it might possibly be a fold or 
fault repeat. 
South of Kato Grammatiko, extensive exposures of the KGF crop out as far south as 
Messovounon and form the low hills north and north east of Pirgi, as well as the foothills of 
the Vermion (Figs 2.9 & 2.11). The contact to the underlying KMF is generally not well 
exposed in this region. 
In most sections in the Vermion foothills, thick sequences of caic turbidites, schists and rare, 
red, nodular micrites of the KGF pass gradationally upwards (eastwards) into the Pelagonain 
Ophiolitic Nappe by way of the APBM and BSM (Figs 2.9 & 2.11). Folding and fault 
repetition, however, are again evident within the KGF, resulting in repetition of the 
sequence. In the vicinity of Ayios Anargyroi cherty caic-turbidites of the KGF are well 
exposed. Large tectonic slices of interbedded cherty carbonates and siliceous schists are also 
exposed within and tectonically above the Pelagonian Ophiolitic Nappe at this locality, and 
extend as far as Reis Tsifliki (Figs 2.9 & 2.22). These lithologies were assigned to the Mavri 
Rakhi Formation by Pichon (1976) but, as with the type section of the KGF, are reassigned 
here to the KGF. This is again based on the recognition that these cherty carbonates posses 
the Eohellenic (JE1) schistocity and pronounced fold-axis-parallel lineation (Section 2.5), 
which does not affect the Mavri Rakhi Formation. It is thus clear that these slices of cherty 
carbonates are thrust and fold repeats of the KGF. 
Moving northwards towards Arnissa, outcrop diminishes, but lithologies of the KGF persist. 
The Mavro Rema section (Fig 2.12A) is particularly interesting not only as it offers an 
excellent section through the KGF, but also records the gradational passage from the 
Pelagonian Marble Group into the overlying Pelagonian Ophiolite Nappe. Exposures in this 
region reveal interbedded cherty calc-turbidites, red nodular carbonates, schists and 



















Fig 2.11 Stratigraphic sections 	Kinotafion 
of the Pelagonian zone from the 
western Vermion 
LTF = Cretaceous Lower 'l'ransgressive Fr 
OPH = Pelagonian Ophiolite Nappe 
BSM = Brown Schisi Mbr 
APItM = Arnissa Passage Bed Mbr 
KGF = Kato Granunatiko Fm 
KM F = Kaimaktchalan Marble Fni 
= Reverse fault 
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Fig 2.12B. Detailed section of lithologies of the KGF 
exposed in road cuttings NW of the Mavro Rema section. 
This section records ubiquitous evidence for the deposition 
of the KGF as caic-turbidites, including normal grading, 
escape structures and intra-formational np up clasts. The top 
of individual calc-turbidites are marked by pink structureless 
micnte. 
Fig 2.12A. Mavro Rema Section. In this section the KGF is 
seen to gradationally pass upwards into arenites and 
turbidites of the APBM and progressively into the BSM and 
Pelagonian Ophiolitic Nappe. The arenites of the APBM are 
predominantly quartz rich, with the &adual  change to the 
BSM marked by the apperance of ophiolitic derived clastics 
(predominantly tholeiitic lava). The unconformity to the 
overlying Cretacoeus UTF is also well exposed in this 
section. 
thin arenites of the APBM, and ultimately into ophiolite-derived mudstones, arenites and 
conglomerates of the BSM and finally serpentinized dunite. 
Figure 2.1 2B is taken from an isolated outcrop of the KGF in a road cut south of the railway 
crossing SE of Amissa. This section is within calc-turbidites and calc-rudites. Grading, basal 
scours, water/?bivalve escape structures, and gradational bed tops to pink and cream micritic 
laminated horizons preserved at this outcrop confirm this interpretation. Clasts within the 
calc-rudites are sub-angular to sub-rounded and comprise dark grey, recrystallised micrites 
and rip-ups of the pink and cream micrites. The graded beds suggest the section youngs to 
the SE. 
In summary, between Arnissa (Mavro Rema section, Figs 2.9 & 2.12) in the north and 
Messovounon in the south (Fig 2.11) the KGF comprises a thick sequence (450m thick?) of 
interbedded calc turbidites, schists, red and pink ferruignous, nodular carbonates and ribbon-
bedded radiolarites. This sequence is fold and fault repeated, and has a gradational contact to 
the underlying KMF. The upper limit of the KGF in this region is marked by the APBM and 
a gradational passage to the overlying Pelagonian Ophiolite Nappe (Fig 2.11). In the 
following sections comparison of the type area described above is made to the KGF 
developed in the Arnissa region and exposures south of Messovounon. 
2.3.4.3 Kato Grammatiko Formation - Arnissa region 
In this region (Figs 2.9, 2.13 & 2.14) the KGF is well exposed south of Arnissa in road and 
railway cuts parallel to the large embayment in Lake Veghoritis. Sections in this region 
reveal fenstral marble of the KMF to be progressively overlain by interbeds of white and 
dark grey, micritic marbles of the KGF (Fig 2.14, Log 8). Towards the upper limit of the 
KMF bedding becomes thinner and dark grey micritic interbeds start to appear, until 
exposures in the railway cut are completely within lithologies attributed to the KGF. Reverse 
faults of Tertiary age cut this sequence, and facies changes can occur across these faults, 
suggesting some stratigraphic cut-out. Despite this, the thickness of the KGF in this region is 
greatly reduced in comparison to the Kato Grammatiko region (120m thick at a maximum, 
and more typically in the order of 70m). 
Several lines of evidence suggest that lithologies of the KGF exposed in the Arnissa region 
represent a rapid deepening of the depositional environment of the Pelagonian platform from 
that described in section 2.3.3.7 for the KMF. The lithologies along the KMF-KGF contact 
become more micritic and structureless, and as one moves up section, bedding becomes 
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thinner, with the local occurrence of pink, laminated micrite marking the tops to individual 
beds. Discrete grading of several of the beds was also noted, as were localised scoured 
bases, rip-ups and gradational bedtops (Fig 2.14, log 8). In thin section, the marbles display 
a pervasive recrystallisation, and primary fabrics have almost always been destroyed. 
Despite this, grading was confirmed, with the bases of several horizons comprising calcite 
plates up to 3mm in length (elongated bedding-parallel), passing up into structureless or 
planar-laminated drusy micrite. 
At the eastern end of the railway cut the marbles become progressively thinner bedded, and 
pass up-section into interbedded chloritic schist and thin bedded, micritic marbles. The 
contact to the schist interbeds is relatively sharp; the schists consisting of fissile, buff and 
green lithologies. Overlying the interbedded schist and cherty marbles is a proud-weathering 
crag of cherty carbonate (Plate 2. 1F). This upward transition from the calc-turbidites to 
interbedded schist and cherty carbonates marks the start of the Arnissa Passage Beds 
Member, which pass gradationlly or, tectonically, into the Pelagonian Ophiolite Nappe. 
The KGF, and its contact to the underlying algal marbles is also well exposed either side of 
the main road into Arnissa (Figs 2.9, 2.13 & 2.14, logs 3, 4, 6 and 7), although faulting is 
again developed. In this region the KGF comprises strongly recrystallised and deformed 
interbeds of dull grey/black and white micrites. Pink micritic tops are developed to several 
of the turbidites. The contact to the underlying algal-fenstral marbles of the KMF is well 
exposed in log 4. 
In summary, exposures of the KGF in the Arnissa region conformably and gradationally 
overlie the KMF, but are greatly reduced in thickness in comparison to the Kato 
Grammatiko region (from up to 450m in the Kato Grammatiko region to between 120m-
70m in the Arnissa region). These lithologies pass upwards rapidly into the APBM and the 
Pelagonian Ophiolite Nappe. 
North of Arnissa the KMF-KGF contact is exposed as far as the Nission Fault (Fig 2.9), but 
outcrops are poor and tectonically complex. North of the Nission Fault the KGF is not 
developed, with the Pelagonian Marble Group represented by the KMF alone. It is unclear if 
the KGF was deposited in this area. As will be discussed in sections 2.7 and 2.8, the 
Kaimaktchalan massif was a fault-bounded high during the Cretaceous, and was the site of 
deep erosion associated with karstic weathering. It is thus possible that the KGF was 
completely eroded from this region prior to the Cretaceous transgression. This is supported 
by lithologies of the KGF occuring as clasts within the basal Cretaceous conglomerates in 
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the Tchouka region. If the Kaimaktchalan massif was a fault-bounded high throughout the 
Cretaceous then these clasts must be sourced locally from on the high itself, suggesting that 
the KGF was, in fact, deposited above the KMF and then deeply eroded. 
2.3.4.4 South of Messovounon 
South and east of Messovounon, outcrop of the KGF again becomes greatly reduced (Figs 
2.9 & 2.15). As briefly described in section 2.3.3.5, the contact to the KMF is tectonically 
complex in this region, with folding and thrusting greatly disrupting the startigraphic 
sequence. Despite this, lithologies attributed to the KGF were always found 
stratigraphically and structurally above lithologies of the KMF. Exposures of the KGF 
in roadcuts east of Messovounon reveal interbedded red, green and violet siliceous schists 
and cherty carbonates. These lithologies are preserved on the inverse limb of a macroscale 
fold (see section 2.5.5). South of the Kastro River cherty carbonates, red nodular limestones 
and siliceous schists are exposed in a similar structural setting west of Soumala (1302m, Fig 
2.9). The contact between the Pelagonian Marble Group and the overlying Pelagonian 
Ophiolitic Nappe south of this region are, for the most part, tectonic (Fig 2.15). Lithologies 
attributable to the KGF and APBM were locally encountered along this contact, however, 
for example east of Soumala and in the Mavri Rakhi region (Figs 2.9 and 2.15, logs 1, 2, 3 & 
4). Nowhere is the KGF as thick as the sequences exposed between Messovounon and Kato 
Grammatiko, however, and the transition from the Pelagonian Marble Group to the BSM of 
the ophiolitic nappe is very rapid, similar to the transition developed in the Arnissa region 
(Fig 2.14). 
2.3.4.5 Ayios Dimitrios region 
South of Metallia the Pelagonian Marble Group is not exposed, and only reappears in the 
Ayios Dimitrios region. Vergely (1984) first recognised a series of "marbes a niveuax 
siliceux" (marbles with replacement chert) at the top of the Pelagonian Marble Group in this 
region, which are here assigned to the KGF. As with the Amissa region and the exposures 
south of Messovounon, the KGF is relatively thin in this region, but can be mapped to lie 
stratigraphically above fenstral marbles of the KMF (Fig 2.15, logs 5 & 6). 
23.4.6 Depositional environment 
The KGF clearly records a marked change in sedimentary environment from the supra-tidal 
fenstral and dolomitic marbles of the KMF. The contact between the two formations was 
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found to be gradational where exposed (e.g. Arnissa region). All the sedimentary features 
described in the preceeding sections point to deposition of the KGF as carbonate 
turbidites, rich in replacement chert and showing ubiquitous evidence of sedimentary 
redeposition (scour surfaces, internal grading, micritic bed tops, bivalve escape structures, 
parallel lamination etc.). Limited information was gleamed from thin section study due to 
pervasive recrystallisation. Despite this, numerous samples displayed distinct bedding-
parallel orientation of carbonate grains, often associated with normal grading, with the top. 
of individual beds marked by micrite. 
This thick sequence of redeposited carbonates are locally interbedded with grey micrites, 
red nodular carbonates of 'Ammonitico Rosso" facies and bedded ribbon cherts and schists, 
which are more typical of sedimentation close to or below the CCD in a sediment-starved 
setting. The nodular carbonates are cut by numerous bedding-parallel stylolites, with the 
concentration of insoluble residue along them (i.e. clays and ferruignous material, Plate 
2.1E). The matrix comprises stnict.e)ess pink and red micrite, although mm-sized 
laminations were locally developed. Rare detrital mica and quartz are also present. Such 
facies are typical of carbonate sedimentation in basinal settings with limited sediment 
input (e.g. Tucker 1990). Similarly, the interbedded ribbon-bedded cherts and cherty schists 
are indicative of basinal sedimentation, probably below the CCD. 
A palaeogeographical reconstruction of the depositional environment of the KGF must thus 
involve the dominance of redeposited carbonates in a slope to basinal setting interbedded 
with condensed carbonates and siliceous sediments. The latter facies were most likely 
deposited in times of limited calc turbidite input, or when the basin floor was close to the 
CCD. Also, the thick sequence of redeposited carbonates of the KGF must be sourced from 
an area of platform carbonate sedimentation. In this respect the KGF could represent the 
eastern margin of the Pelagonian platform, although this is thought unlikely as platformal 
lithologies reappear in the Almopias thrust sheets to the east (Chapters Three & Four). Any 
palaeogeographical reconstruction must also take into account that the thickest development 
of the KGF occurs between Mavro Rema and Messovounon. North and south of this region 
the KGF is considerably thinned and passes rapidly up section into the APBM and rudites 
and arenites of the BSM and ultimately in to the Pelagonian Ophiolite Nappe. A case can 
thus be made for the existence of an area of basinal sedimentation between Mavro Rema 
and Messovounon, bounded to the north and south by plafform highs (Fig 2.16). Such 
an intraplatform basin would undoubtedly receive a thick sequence of redeposited 
carbonates. This interpretation is also supported by the recognition of locally coarse rudites 
along the northern margin of this basin (Kato Grammatiko region, Fig 2.10 & Plate 2.2B) 
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rich in angular fragments of lithified loferitic marble and cherty micrites cemented by a 
pelagic limestone matrix. Clift and Robertson (1990b) described similar rudites from 
Triassic sequences of Argolis, which they interpreted as fault breccias developed along the 
line of intraplatform basin margins. A similar setting is envisage for rudites in the Kato 
Grammatiko section. 
Unfortunately, Late Jurassic deformation has rendered the KGF undatable, and despite 
extensive sampling no new age data were obtained. However, comparison with other areas 
of the Pelagonian zone throughout Greece show that a change from carbonate platform to 
pelagic sedimentation took place during the Liassic (e.g. Bernoulli & Jenkyns 1974, Celet & 
Ferrière 1978, Baumgartner 1985, Robertson et al. 1991), often associated with block 
faulting and the development of intraplatformal basins. A comparison of the facies 
changes associated with this extensional event in southern Greece to the KGF revealed 
marked similarities. It thus seems possible that this same widespread subsidence event of 
the Liassic is also recorded on the north eastern margin of the Pelagonian zone, with the 
differentiation of the Pelagonian platform into areas of neritic and pelagic sedimentation. 
However, the possibility that the basinal sequences might be older (i.e. Triassic), and 
directly comparable to the intraplatformal basins of Argolis (Clift & Robertson 1990b) and 
east Thessaly (Robertson & Varnavas 1992) cannot be ruled out, although these older basins 
are often floored by prolific rift-related volcanics (Robertson etal. 1991). No such volcanics 
were identified in the study area. 
Both the basinal and platformal sequences described above are ultimately overlain by 
ophiolitic clastics and nappes throughout the Pelagonian zone of Greece (e.g. Argolis, 
Baumgartner 1985, Clift 1990). The Pelagonian platforms and basins of northern Greece are 
no exception, with dramatic subsidence of remaining platformal highs to form a fore-deep to 
encroaching ophiolitic nappes. The Arnissa Passage Beds Member (APBM) of the KGF is 
thought to record this transition throughout the study area, and these sequences are 
described for the first time in part two. 
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4g 	FIG 2.13. Simplified geological map of the Arnissa region. 
The transition from the Pelagonian Marble Group to the 
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Fig 2.15 Stratigraphic sections of the Pelagonian zone from the 
>01 western Vermion 
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Fig 2.16 Schematic block diagram of the Pelagonian platform. The existence of an intra-platformal basin between 
Mavro Rema in the north and Messovounon in the south is shown here to be delineated by listric extensional 
faults and associated fault talus rich in reworked blocks of fenstral marble. The basinal sequences (KGF) 
comprise calc turbidites, chloritic schists, radiolarites and red nodular micrites (possibly deposited on local fault 
bounded highs). The platformal sequences of the KMF comprise fenstral micrites and dolomites with rare 
desiccation cracks. Skeletal and carbonate sands are thought to develop at the edge of this platform, as possibly 
do reefs. This basin appears to have been inverted during the Eohellenic deformation, with the listric faults 




Thin section photograph of relatively undeformed laminoid fenstral carbonate from the 
Kaimaktchalan Marble Formation, track cuts east of Patima (Fig 2.6). Individual fenstrae 
are elongated parallel to bedding and are infilled by blocky calcite. Peloidal structures are 
locally present (20mm, PPL). 
Thin section photograph of more typically deformed nature of laminoid fenstral 
carbonates (Kaimaktchalan Marble Formation) from Mercier's (1968) type locality in the 
Kaimaktchalan massif(lSmm, PPL). 
Road side exposure of Kaimaktchalan Marble Formation south of Arnissa showing the 
two most typical lithologies of this formation, fenstral carbonates (top and bottom) and 
sugary dolomites (middle). Such cyclically interbedded lithologies are typical of loferitic 
cycles (e.g. Fischer 1964). Note boudinage of central horizon of sugary dolomite (hammer 
for scale). 
Thin section photograph of sugary dolomite from the Kaimaktchalan Marble Formation. 
Note rhythmic infill of cavity by blocky dolomite (10mm, PPL). 
Thin section photograph of condensed red-nodular limestone from the Kato Grammatiko 
Formation, type section (Fig 2.10). The anastomising dark layers represent insoluble clay 
residue following dissolution of carbonate. Such facies are typical of a basinal setting 
(15mm, PPL). 
Typical exposure of cherty micrite (marbes a niveaux siliceux of the French workers) 
from the Arnissa Passage Beds Member, Arnissa region. Note abundance of bedding 
parallel replacement chert which is prolific in lithologies of this member (typically picking 
out folds). These lithologies are interpreted as basinal/hemipelagic facies (pencil for scale). 
PLATE 2.2 
Typical lithologies of the Kaimaktchalan Marble Formation. Road side exposure south 
of Arnissa. Lower and upper part of photograph shows laminoid fenstral carbonates 
(fenstrae picked out by dark calcite, which are elongated due to Eohellenic deformation), 
between which is a thin horizon of sugary dolomite (level of hammer head). Note 
boudinage in the horizon above the hammer. Such interbedded loferitic and dolomitic 
cycles are the dominant lithologies of the Kaimaktchalan Marble Formation. 
Coarse carbonate rudite exposed at the base of the Kato Grammatiko road cut (Type 
section, Fig 2.10). The clasts consist of angular loferitic/fenstral marbles (identical to KMF 
lithologies) set within a red cherty micrite. Such facies are interpreted as fault scarp derived 
talus (see Fig 2.16. Pencil for scale). 
Typical outcrop of calcturbidites of the Kato Grammatiko Formation, type section (Fig 
2.10). Note abundance of bedding parallel replacement chert picking out SW (left) verging 
folds. These folds are probably of Tertiary (Neohellenic) age (hammer for scale, bottom 
right). 
Relatively undeformed outcrop of caicturbidites of the Kato Grammatiko Formation 
(APBM) exposed in the Sphina region, Arnissa (Fig 2.13). Note abundance of bedding 
parallel replacement chert. In thin section rare radiolarian and thin shelled bivalve 
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PART TWO 
Platform collapse and ophiolite emplacement 
2.3.5 Arnissa Passage Beds Member 
2.3.5.1 Introduction 
The Arnissa Passage Beds Member (APBM) marks the upper limit of the KGF and 
comprises interbedded cherty limestone, chloritic schists, siltstones, quartz arenites/wackes 
and lithicwackes with minor radiolarite (Figs 2.3, 2.4 & 2.14). The APBM is virturAly always 
present at the uppermost levels of the Pelagonian Marble Group (Figs 2.9, 2.11, 2.14 & 
2.15), and equates to the interbedded siliceous carbonates, radiolarites and schists which 
previous workers recognised from the top of the Pelagonian platform (e.g. Zimmerman 
1969, Naylor & Harle 1976 in the Vourinos region; and Bijon 1982, Vergely 1984 in the 
Arnissa and Vermion region). The majority of French literature (e.g. Vergely 1984) refers to 
the siliceous carbonates of the APBM as "marbes a niveaux siliceux" or 'siliceux en relief" 
(Plate 2.I17). The APBM passes depositionally into the Brown Schist Member of the 
Pelagonian Ophiolitic Nappe, which comprises arenites and chaotic debris flows rich in 
ophiolitic detritus, interbedded with schists and radiolarites similar to the APBM. Bijon 
(1982) grouped the interbedded schists, cherty limestones and radiolarites (APBM) and the 
overlying schists, arenites and conglomerates (BSM) together as the "Les Schistes Bruns" 
(Fig 2.4). i-Ie concluded that this unit represented a volcaniclastic sequence unrelated to the 
Pelagonian Ophiolitic Nappe which tectonically overlies the BSM. Detailed mapping and 
section logging during this work found this not to be so, with lithologies previously 
attributed to Bijon's "Schists Bruns" intimately associated with the Pelagonian Ophiolitic 
Nappe. 
2.3.5.2 APBM - Arnissa region 
As figure 2.14 shows, the APBM, and the upward transition to the Pelagonian Ophiolite 
Nappe, is well exposed east of Arnissa. Logs I to 8 detail the nature of this transition. Due 
to the nature of the lithology change along this contact, sections through the APBM are 
typically the site of strong shearing (Eohellenic and Neohellenic). Despite this, a coherent 
stratigraphy was established, and yielded evidence for a dramatic change in sedimentation 
of the Pelagonain platform at this time. 
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In all sections in the Arnissa region the base of the APBM is marked by a series of strongly 
deformed micrites with abundant replacement chert interbedded with chiontic schist (Plate 
2.117). Bedding greatly varies, with interbeds of chloritic schist and platy marble locally 
down to a cm scale. Thicker, structurless, carbonate beds were also encountered, and are 
lithologically identical to the marbles of the upper levels of the KGF (Plate 2.21)). These 
cherty carbonates and chioritic schists are conformably and sharply overlain by green, 
beige and red, ribbon-bedded radiolarite (e.g. Fig 2.14, logs 4, 5, 6 & 8), dull brown, buff 
and green, chloritic, siliceous, and locally serpentinitic schists, and quartz arenites. Thin-
bedded cherty carbonates are also found interbedded with these lithologies. 
Logs 1-3 (Fig 2.14, Plate 2.3A) east of the Florina road, give particularly good sections. In 
this region the Pelagonain Marble Group is exposed in the footwall of a normal fault 
(parallel to the road, Fig 2.17). Where the road begins to hairpin down towards Nea 
Xanthoghia fenstral carbonates of the KMF are exposed, and pass upwards, gradationally, 
into a thin sequence of the KGF. In this region the basal exposues of the APBM consist of 
strongly deformed, thin-bedded, siliceous limestones and chloritic, siliceous schist interbeds. 
These lithologies are locally cut out, with marbles of the KGF in thrust contact with 
serpentinitic and talcose mudstones. The overlying lithologies comprise siliceous, fissile, 
pebbly mudstones, debris flows, quartz arenites and local radiolantes. These lithologies pass 
rapidly into chaotic debris flows of the BSM. 
In log 2 the APBM is up to 22m thick and again is sharply overlain by chaotic debris flows, 
rich in ophiolitic, carbonate and volcanic clasts. The top of the APBM comprises 
interbedded radiolarite, buff siliceous schists and serpentinite-rich mudstones. Log I (Fig 
2.14) exposes the nature of the contact between the APBM and the BSM of the Pelagonian 
Ophiolitic Nappe as a clearly gradational one. Interbedded buff siliceous schists and cherty 
marbles pass up into thin-bedded quartz arenites, ribbon-bedded radiolarites and schists. The 
radiolarites in this section are moderately recrystallised and conformably overlie the 
siliceous carbonates; most likely reflecting a continued deepening, or more siliceous 
environment of sedimentation. The start of the BSM in this section is marked by the first 
significant influx of detrital serpentinite and debris flows. The overlying BSM comprises 
foliated buff schists and weakly cemented litharenites and debris flows. Discontinuous 
interbeds of beige and green radiolarite are also encountered. 
Petrographically, the cherty carbonates of the APBM comprise structureless, recrystallised, 
micrites. The crag exposures west of Sphina (Fig 2.13, Plate 2.21)) appear to have escaped 
this pervasive deformation to some degree, and were found to be sparse biomicrites, rich in 
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recrystallised radiolarians, calcispheres and thin-shelled bivalves. The interbedded chloritic 
schists are typically rich in elongate muscovite, sericite and chlorite associated with 
secondary sphene, epidote, stilpnomelane and rutile. Albite and quartz are also evident, 
locally as porphyroblasts. Perhaps more importantly, detrital chromite was identified in 
several samples of interbedded chloritic schist and cherty micrites. Detrital chromite is also 
present in the quartzwackes, quartzarenites and siltstones of the APBM. These arenites-
greywackes are rich in subrounded, to subangular, monocrystalline to polycrystalline quartz 
set in a fine-grained matrix of quartz and chlorite (Plate 2.4A). Feldspar, carbonate and 
white mica form minor components. The quartz grains have a mixed volcanic and 
metamorphic provenance. The arenites associated with the upper levels of the APBM in the 
Arnissa area are locally graded and planar laminated, and show features indicative of 
deposition as turbidity currents, although original sedimentary fabrics are often lost due to 
pervasive shearing (Plate 2.4C). Clasts of quartz again dominate these arenites, but the 
presence of tholeiitic basalt was locally noted (Plate 2.4C), as again was detrital chromite, 
calcarenite, microquartzite and siltstone clasts. 
XRD analysis of schists (32 samples) of the APBM in the Arnissa area revealed an initial 
dominance of chlorite schists (ripidoliote and clinochlore with minor titanite/sphene, Fig 
2.1 8A) passing up section into schists rich in muscovite, clinochlore, quartz, albite and 
minor sphene and epidote (Fig 2.1 8B). Interbedded with the upper levels of the APBM the 
presence of mudstones comprising pure detrital talc and serpentinite were also noted (Figs 
2.14 & 2.1813), such mudstones increasing in abundance as the APBM passed into the BSM 
of the Pelagonian Ophiolitic Nappe. 
2.3.5.3 Mavro Rema-Messovounon region 
An almost identical sequence to that described above is developed at the top of the KGF 
everywhere between Mavro Rema (Fig 2.12) in the north and Messovounon in the south (Fig 
2.11). In this region, however, the APBM is developed at the top of a thick sequence of caic 
turbidites, schists, nodular carbonates and ribbon-bedded cherts of the KGF, and hence the 
recognition of the APBM is difficult as the lithologies of the KGF and APBM are similar. 
Despite this, the APBM is recognisable as the top I O-20m of the Pelagonian Marble Group 
which are almost always characterized by interbedded cherty carbonates, schists and, 
notably, quartz arenites, which are immediately overlain by ophiolitic lithologies, arenites 
and debris flows of the Pelagonian Ophiolitic Nappe. 
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Such a sequence is particularly well developed south of Kato Grammatiko (Vretina region), 
where interbedded calcturbidites and schists of the KGF pass up gradationally (Fig 2.11, 
logs 1 & 2) into radiolarites, cherty carbonates, siliceous and chloritic schists and quartz 
arenites of the APBM and, in turn, into schists, arenites and rudites of the BSM and 
ultimately serpentinitic and dunitic lithologies. The quartz arenites in these sections are 
generally well sorted. Up section the arenitic portion of this sequence is progressively 
complemented by coarser-grained arenites and conglomeratic horizons, which are generally 
poorly sorted and rich in both quartz and volcaniclastic components. Ophiolitic detritus 
appears gradually, both as serpentinitic mudstone interbeds and individual clasts within the 
arenites, marking the transition to the Brown Schists Member of the Pelagonian Ophiolite 
Nappe. Identical sequences mark the transition to the Pelagonian Ophiolite Nappe as far 
south as Messovounon, being particularly well exposed in the Kinotafion region and north of 
Ayios Anargyroi chapel (e.g. east of spot height 1145m, Figs 2.9 and 2.11, logs 4 & 5). 
As mentioned in section 2.3.4.2, lithologies remeniscent of the APBM and BSM are also 
encountered within what appears to be the middle of the KGF. Several of these horizons are 
associated with serpentinite (for example the schist horizon east of Messovounon, Fig 2.9). 
Pichon (1976) suggested that this horizon was a fold and fault repeat of the upper levels of 
the Pelagonian Marble Group to Ophiolite Nappe sequence. This was confirmed by 
structural studies (section 2.5.5). Similar fold and fault repeats of the APBM-BSM transition 
are developed where the dirt road which joins Kato Grammatiko with Pirgi cuts the Katron 
River, along the line of the Mavori River and along the dirt road up to Agios Anaryroi (Fig 
2.9). 
2.3.5.4 South of Messovounon 
South and east of Messovounon the gradational contact of the APBM from the Pelagonian 
Marble Group to the Pelagonian Ophiolite Nappe is not well developed due to structural cut-
out (see section 2.5). Despite this, imbricate slices of the APBM were often found 
immediately beneath the Pelagonian Ophiolitic Nappe (e.g. Mavri Rakhi and Metallia 
regions). In the Soumalia and Profitis Illias sections (Fig 2.15, logs 1 & 2) the rapid and 
gradational change from the Pelagonian Marble Group to the Pelagonian Ophiolitic Nappe is 
well exposed. Similarly, in the Ayios Dimitrios region, Vergely (1984) described a series of 
interbedded cherty carbonates and schists which mark the top of the marbles, these 
lithologies are here assigned to the APBM. 
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2.3.5.5 Summary 
The top of the Pelagonian Marble Group in the Arnissa region is marked by a rapid change 
from fenstral marbles of the Kaimaktchalan Marble Formation into a much reduced 
sequence of the Kato Grammatiko Formation which are capped gradationally by a series of 
interbedded siliceous and chloritic schists, ribbon-bedded cherts, thin bedded, hemipelagic 
carbonates rich in replacement chert and arenites of the Arnissa Passage Beds Member. In 
all sections the APBM passes upwards into arenites, rudites and mudstones of the Brown 
Schist Member of the Pelagonian Ophiolite Nappe. In simplistic terms, the APBM records a 
rapid deepening of the depositional environment of the Pelagonian zone, with algal marbles 
overlain rapidly by hemipelagic sediments. In the areas of basinal sedimentation this 
transistion is less dramatic, and is marked by the appearance of arenites and schists 
interbedded with more typical caic turbidites. The environment of deposition of the APBM 
is discussed in more detail after the following section, however, which deals with the 
Pelagonian Ophiolite Nappe, as the development of the APBM is thought to be genetically 
related to emplacement of this nappe. 
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FIG 2.17 .Sc hematic sketch section through the top of the Pelagonian Marble Group and Pelagonian Ophiuli(e Nappe 
o the A ro issa region. The section runs roughly W-E from spot height 7 I 9m. crosses the main road (and normal fault). 
and their runs eastwards along the dirt track south of the regional summit of Mavri Petra (Fig 2.13). This track cut 
gives it good idea of the melange-like nature of the Pelagoniari Ophiolite Nappe and the variety of clasts present in the 
melange and Brown Schist Member. It also gives an insight in to Tertairy thrust imbrication in this region. 
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Fig 2.18A. 
Fig 2.18. X-ray diffraction plots of schists from the Arnissa Passage Beds 
Member. 32 samples were analysed in total and revealed an initial 
dominance of chlorite schists (ripidolite and clinochiore 	with 	minor 
titanite/sphene, 	Fig 	2.18A). 	Up 	section 	these 	chioritic 	schist 	are 
interbedded with muscovite, clinochlore, quartz, albite and minor sphene 
and epidote bearing schists (Fig 2.18B). The presence of schists and 
mudstone composed almost entirely of detrital talc and serpentinite 
(lizardite) 	was also 	noted 	up section, such lithologies 	increasing 	in 
abundance towards the contact to the overlying Brown Schist Member of 
the ophiolitic nappe. 
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Fig 2.19. Section of The Brown Schist Member exposed in track cuts west of Kale. This section passes down 
conformably into chloritic schists of the APBM. Three distinct end-members can be identified in the BSM in 
this section following XRD analysis. 
Quartz, muscovite, albite and sericite schists, often associated with ribbon bedded radiolarite and quartz 
arenites, essentially forming the 'background sediments to the ophiolite derived sediments in this section. 
Traces of serpentinite and amphibole were occassionally encountered in these samples. 
Talc and/or serpentinitic schists. 
Schists rich in amphibole (including tremolite, actinolite, magnesio and ferro homblend, paragasite) or 
other minerals derived from ultrabasic rocks including monticellite (olivine), hedenbergite (CPX), pyrope 
(garnet) and pyrrhotite (nickle sulphide). Minor traces of glaucophane, riebeckite and jadite were also 
eneniintered in several of these samples. 
Albite, ferro:hornblende, actinolite, tremolite and 
magnesio-hornblende. 
Muscovite, quartz and sericite. Minor illite. 
Ferro-horflbleflde, albite, ma"iesio-homblende, actinolite. 
Minor reibeckite. 
Monticellite (olivine), titanite (sphene), glaucophane, 
ferro-hornblende. Minor hedenbergite (CPX), pyrope, 
pyrrhotite and ferro-actinolite. 
Quartz, muscovite and sericite. 
Talc. 
Tremolite, magnesio hornblende, kaersutite, ferro-actinolite 
and ferro-paragaSite. 
Minor quartz, éhlorite and riebeckite. 
Talc and lizardite. 
Quartz and muscovite. 
Muscovite and quartz with very minor glauconite, antigonte 
and lizardite (detrital serpentinite) 
Quartz muscovite, albite and minor sericite. 
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2.4 The Pelagonian Ophiolite Nappe 
2.4.1 Introduction 
Throughout the Pelagonian zone of mainland Greece the Pelagonian platform is overlain by 
remnants of a large ophiolitic nappe, perhaps the best known fragment being the Vourinos 
ophiolite (Fig 2.2, e.g. Moores 1969, Vergely 1984, Zimmerman 1972, Naylor & Harle 
1976, Jones 1990, Rassios 1991). Nowhere in the study area is a complete section through 
mantle harzburgite to pillow lavas and a deep sea sediment cover preserved. Rather, the 
ophiolitic lithologies comprise a strongly deformed ophiolitic melange. This ophiolitic 
melange contains lithologies typically associated with a complete ophiolite (radiolarite, 
tholeiitic lava, dolerite, gabbro, dunite, harzburgite, serpentinite etc.), but they are preserved 
as blocks (cm to km sized) within a tectono-sedimentary matrix of phacoidal 
serpentinite and clastic sediments. The clastic sediments of the ophiolitic melange often 
form coherent tectonic slices, and are assigned to the Brown Schists Member of the 
Pelagonian Ophiolitic Nappe (Fig 2.4). 
The ophiolitic lithologies of the study area have also been the focus of intense deformation 
during Neohellenic deformation, resulting in extremely complex outcrops. The stratigraphic 
position of the Pelagonian Ophiolitic Nappe, sandwiched between the Pelagonian Marble 
Group below and the Cretaceous Transgressive Group above, has governed this deformation, 
the serpentinitic lithologies acting as planes of decollement between the coherent carbonate 
lithologies. An understanding of the structures within the Pelagonian Ophiolitic Nappe is 
hence critical to understand the structural evolution of the Pelagonain zone. The main 
consideration of the structural evolution and role of the Pelagonian Ophiolitic Nappe, 
however, are disc.#s$ed in sections 2.5 and 2.9. Thus, in the following pages, the 
stratigraphy and lithologies of the Pelagonian Ophiolite Nappe are described. 
2.4.2 Definition of the Brown Schists Member of the Pelagonian Ophiolite Nappe 
The Brown Schists were defined by Bijon (1982), who identified this unit in the Arnissa 
region to gradationally overlie the Pelagonian Marble Group and underlie the Pelagonian 
Ophiolite Nappe (Fig 2.4). This member also equates (in part) to the Pg4 division of Mercier 
(1968, Fig 2.4). Whilst this member is a mappable one, its upper and lower limits are poorly 
defined. This is due to the gradational nature of the contact to the underlying Pelagonian 
Marble Group (by way of the APBM), and the gradational and often strongly deformed and 
thrust-repeated nature of this member within the Pelagonian Ophiolite Nappe. 
Bijon (1982) concluded that the Brown Schists comprises a series of volcaniclastic 
sediments which consist of acidic-intermediate pyroclastics at their base, passing up into 
epiclastic volcanics (predominantly basic) interbedded with radiolarites, followed by 
pyroclastic tuffs and breccias. Bijon also suggested that there is no carbonate or ophiolitic 
detritus within the Brown Schists and that the Pelagonian Ophiolitic Nappe was emplaced 
tectonically above the Brown Schists. 
In contrast, detailed mapping and section logging (Figs 2.9, 2.11, 2.13 & 2.14, 2.15, 2.21 & 
2.22) has led to the conclusion that the Brown Schists are intimately related to the 
Pelagonian Ophiolitic Nappe. Hence in this thesis the "Schists Bruns division as defined by 
Bijon (1982) is divided into the Arnissa Passage Beds Member of the Kato Grammatiko 
Formation and the Brown Schists Member of the Pelagonian Ophiolitic Nappe (Fig 2.4). 
The Brown Schists Member is here redefined as a sequence of interbedded clastics, often 
rich in ophiolitic detritus, which conformably overlie the APBM and occur as tectonic 
and depositional sedimentary packages (typically arenites, coarse debris flows and melange-
like deposits) within the Pelagonian Ophiolitic Nappe at all tectonic levels. 
This re-definition of the Pelagonian Ophiolite Nappe and Brown Schists Member is in 
keeping with the recognition elsewhere in the Pelagonian zone that the ophiolitic nappes 
comprise a high proportion of sediments and melange-like deposits (e.g Zimmerman 1969, 
Naylor & Harle 1976 and Vergely 1984 in the Vourinos and Ayios Dimitrios regions, Fig 
2.2, Mountrakis 1982 in the Kastoria region, Baumgartner 1985 and Clift 1990 in the 
Argolis Peninsula and Robertson 1991 in Euboea, Fig 2.1). However, the melange like 
nature of the ophiolitic exposures of the study area differs from the above described regions 
in that it is the result of both emplacement related tectonics and sedimentation, and also 
subsequent tectonic slicing during the Tertiary. 
2.4.3 Pelagonian Ophiolite Nappe - Arnissa region 
In the Arnissa region the base of the Pelagonian Ophiolite Nappe is marked by the BSM 
which comprises interbedded chloritic and siliceous schists, arenites, rudites and rare 
radiolarite horizons which conformably and gradationally overlie the APBM (Figs 2.13, 
2.14 & 2.17). Interbeds of purely detrital serpentinitic mudstone are also present (e.g. 
basal part of BSM in logs 7 and 5, Fig 2.14). The arenites and rudites of the BSM in the 
Arnissa region can be divided into two distinctly different facies based on petrography: 
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Quartzarenites, quartzwackes, Iithicwackes and siltstones. These lithologies are 
predominant in the basal exposures of the BSM, and are similar to the quartzarenites of the 
APBM (Plate 2.4A & Q. They are medium-to coarse-grained, clast-to matrix-supported and 
very poorly sorted. The matrix is composed of chioritic and serpentinitic mudstone and/or 
fine-grained quartz, albite and chlorite, whilst the clasts include rounded, to subrounded 
quartz and quartzite (predominant, both volcanic and metamorphic), carbonate (calcarenites, 
micrite and marble), feldspar, mica, tholeiitic lava, radiolarite and devitrified volcanics. 
Normal grading, traction carpet features, erosional bases and planar lamination are often 
present. Secondary stilpnomelane and sheafs of tremolite-actinolite are also developed. 
These facies are particularly well exposed in the railway cuts at the eastern end of the 
Veghoritis lake embayment and in gully exposures in the Sphina region (Fig 2.13, Plate 
2.3C). 
Ophiolitic-derived lithic arenites and rudites (Plates 2.3D & 2.413 & D). Lithologies of 
this facies are rich in tholeiitic lava (forming up to 40% of the clasts), quartz and 
microquartzite, dolerites, dunite (invariably altering to serpentinite), gabbro, amphibolite, 
harzburgite, plagioclase feldspar and individual chromite grains (opaque and anhedral). Rare 
marble pebbles and rip up clasts of radiolarite, chloritic mudstone and siltstone/greywacke 
are also present. The tholeiitic lava clasts often preserve variolitic and spherulitic textures 
and show marked calcite veining and alteration to chlorite and albite. Ferrobasalts and 
ferrodolerites are also evident. Again normal grading, erosional bases, traction carpet 
features and planar laminations are recognisable. The matrix comprises microcrystalline 
quartz, chlorite, serpentinite and alibite. 
Interbedded ribbon radiolarites and thin-bedded quartz arenites also form a locally 
distinctive lithology in the Arnissa region and are preserved as isolated tectonic blocks (e.g. 
east of Mavri Petra, Fig 2.13). 
Log 5 (Fig 2.14) offers a section through a moderately deformed portion of the lower levels 
of the BSM, and consists of interbedded, fissile, dull, buff/brown/tan, siliceous schists, 
pebbly mudstones, quartz arenites and muddy debris flows. Tectonic and sedimentary 
interbeds of sedimentary serpentinite and talc are also developed, as are tuffaceous horizons. 
A good section through the BSM is also well exposed NE of Drossia (GR 530 488), where a 
conformable contact with the underlying APBM can be mapped (Fig 2.13). Figure 2.19 is a 
section through the BSM in this region, and exposes interbeded, dull buff/brown, planar 
laminated, talc-rich, and cherty mudstones, tuffaceous and quartz rich sandstones and debris 
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flows rich in quartz and ophiolitic-derived detritus (serpentinized ultramafics and spilitic 
lava, horizons 5, 9, 17 & 19). Primary ribbon-bedded chert and serpentinite mudstones are 
common in this section. 
XRD analysis (52 samples) of the BSM from this section, and from all the logs in the 
Arnissa area (Fig 2.14, logs Ito 8) were carried out to pinpoint the point at which ophiolitic 
detritus first appears. As described in section 2.3.5.2, XRD analysis of the schists of the 
APBM revealed an initial dominance of chlorite schists passing up section into schists rich 
in muscovite, clinochiore, quartz, albite, sericite and minor sphene and epidote (Figs 2.18A 
& B). Several of these samples also yielded traces of detrital serpentinite (e.g. horizon I, Fig 
2.19), hypersthene and amphibole. In fact, detrital serpentinitic mudstone horizons were 
encounterd in all sections between I0-30m above cherty carbonates of the APBM. Several 
of these mudstones were found to be composed of pure talc, whilst others showed mixed 
talc, lizardite, antigorite, chlorite, quartz and albite compositions. Mudstone composition in 
the overlying sequences fell into three distinct catagor as detailed below (see also Figs 
2.19 and 2.20). 
Quartz, muscovite, albite and sericite schists, often associated with ribbon-bedded 
radiolarite and quartz arenites, essentially forming the "background" sediments to the 
ophiolite-derived sediments. Traces of serpentinite and amphibole (primary & secondary) 
were occasionally encountered in these samples (Figs 2.19 & 2.20A). 
Talc and/or serpentinitic schists. 
Schists rich in amphibole (tremolite, actinolite, magnesio-and ferro-hornblend & 
pargasite) or other minerals derived from ultrabasic rocks including monticellite (olivine), 
hedenbergite ( dinopyroxene), pyrope (garnet) and pyrrhotite (nickel sulphide). Minor 
traces of glaucophane, riebeckite and jadeite were also encountered in several of these 
samples. 
Varying degrees of admixing and gradation are developed between these end members. Up 
section, these interbedded mudstones and arenites pass into, and are interbedded with, 
poorly sorted rudites, rich in ophiolitic derived elastics intimately associated with large 
slices of serpentinized ultramafics and phacoidal serpentinite (well seen east of the Florina-
Edessa road, Mavri Petra area, and track exposures which cut across country eastwards to 
Drossia, Figs 2.13 & 2.14, Log 3, Fig 2.17). This section also gives an insight into the 
structurally complex nature of the Pelagonian Ophiolite Nappe, with slices of sub-ophiolite, 
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Fig 2.20. X-Ray diffraction plots of schist from the Brown Schist Member 
of the Pelagonian Ophiolite Nappe (representative samples from 52 
analysis). Three Oistinct groups can be picked out. 1) Quartz, muscovite, 
albite and sericite schists (Fig 2.20A) similar to the APBM schists. These 
schists essentially form the "background' sediments to the ophiolitic 
derived arenites and schists. 2) Talc or serpentinite rich schists (Fig 
2.20A). 3) Schists rich in amphibole and/or other minerals derived fronm 
ultrabasic rocks (Fig 2.20B). 
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Sample 782e Tremolite, Mg hornblende, kaersutite, ferro- 
pargasite, ferro-actinolite and clinochlore. 
Sample 2 
Actinolite, Mg hornblende, albite, tremolite, manganite, 
ferro-pumpellyite 	and 	hastingsite. 
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Fig 2.20B. X-Ray diffraction plots of schist from the Brown Schist 
Member of the Pelagonian Ophiolite Nappe (representative samples from 
52 analysis). These schists were found to be rich in amphibole and/or 
other minerals derived from ultrabasic rocks. Minor traces of glaucophane 
and riebeckite were also encountered in several of these samples. 
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ophiolite and post ophiolite lithologies all juxtaposed and imbricated. Log 3 (Fig 2.14) is a 
section along the first part of the track cut. In this region siliceous marbles of the APBM are 
tectonically overlain by meta-ribbon radiolarites and meta-quartz arenites which rapidly pass 
upwards into ophiolite melange. This melange comprises phacoids of serpentinized dunite 
set within a strongly sheared, scaly, serpentinite matrix. The dunite is typically dull 
homogeneous green and veneered with pronounced slickensides. The matrix also defines a 
sheared and phacoidal texture. Within this melange one can map out isolated blocks of 
recrystallised siliceous marbles, meta-radiolarites, meta-quartzarenites, meta-spilites and 
rare amphibolitic slabs. 
This melange is gradationally overlain by an extremely poorly-sorted conglomerate rich in 
ophiolitic lithologies, including gabbro, dunite, serpentinite, peridotite, harzburgite, meta-
radiolarite and rare altered amphibolite and one clast of granophyre. Clasts are locally up to 
Im long. Moving along the road the clast size within this conglomerate diminishes gradually 
and marble clasts become apparent. Some 300m along this track the debris flow facies are 
thrust over by dunite and scaly serpentinite lithologies (Figs 2.13 & 2.17. GR 513 478). 
Eastwards of this locality exposure is within massive, or phacoidal and sheared serpentinite 
and dunite, with internal shears well picked out by scaly serpentinite. This unit is 
gradationally overlain by fissile, serpentinitic mudstones, arenites and conglomerates of the 
BSM. Lava and marble blocks are also apparent. At the eastern end of this section siliceous 
marbles are also upthrust, and are overlain towards the east by a slab of dunite and 
harzburgite. Within this slab one can locally pick out serpentinized peridotite displaying 
remnant cumulate layering and well preserved orthopyroxene crystals. 
It is thus clear that conglomeratic lithologies, rich in ophiolite lithologies, both under-and 
overlie massive dunite and serpentinite conformably and gradationally, and hence do 
not fit Bijon's (1982) definition of the Brown Schists. Of interest, exposures of 
conglomerates west of Mavro Petra show evidence of reworking during the Late Jurassic-
Cretaceous (i.e. post ophiolite emplacement). For example, rounded and water-worn blocks 
of calcturbidites and radiolarite form conglomeratic horizons in this region and 
unconformably overlie deformed ophiolitic melange. Such a situation was also occasionally 
observed in the Vermion. The recognition of Brown Schist lithologies which had undergone 
partial reworking during the Late Jurassic-Cretaceous was very difficult, however, due to the 
subsequent Neohellenic deformation overprint. On the whole, reworking of the Brown 
Schists lithologies appears to have been very limited. 
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Still in the Arnissa region, the tectono-sedimentary melange nature of the Pelagonian 
Ophiolite Nappe is well exposed south of the Edessa-Florina road (Fig 2.13, Megalo Kastro 
region). The majority of outcrop consists of imbricates of serpentinite and dunite with cover 
sediments derived predominantly from the underlying lithologies. Due to pervasive shearing 
the identification of scaly serpentinite from bedded sedimentary serpentinite is often 
difficult. Several exposures of what initially appears to be coherent serpentinite were found, 
upon closer examination, to consist of large blocks of serpenitinite which pass laterally into 
angular to rounded serpentinite conglomerates, set in a matrix of fine-grained sedimentary 
serpentinite. Generally, each imbricate in this region comprises a basal unit of massive 
dunite and serpentinite and passes stratigraphically upwards into ophiolite-derived 
sediments. Quartz arenites and siliceous schists are also found interbedded with these 
lithologies. Fault-and thrust-bounded blocks of spilite and ribbon radiolarite are also 
developed. The imbricated nature of the ophiolitic lithologies and associated sediments in 
this region are probably related to Neohellenic deformation (section 2.9). 
As with the KGF, it is difficult to say whether or not the Pelagonian Ophiolite Nappe was 
emplaced over the Kaimaktchalan massif and then eroded during the Cretaceous. It is 
difficult to envisage, however, how the penetrative Eohellenic schistocity present in the 
KMF and basement of the Kaimaktchalan massif developed without large scale thrusting 
and imbrication due to an overthrust nappe (the Pelagonian Ophiolite Nappe). The frontal 
imbricates of the Almopias zone east of the Kaimaktchalan massif expose thick ophiolitic 
clastics which appear to be derived from the west (Chapter Three), supporting erosion of 
ophiolitic lithologies from the Kaimaktchalan massif prior to the Maastrichtian 
transgression. One isolated outcrop along the line of, and north of, the Nission Fault would 
support this conclusion. 
2.4.4 South of the Arnissa region 
South of Arnissa exposure of the Pelagonian Ophiolite Nappe diminishes, with ophiolitic 
lithologies forming a north-south trending "strip" along the western side of the Vermion hills 
(Fig 2.9). At several localities exposure of the ophiolite melange opens up more, and it is in 
these regions where study concentrated. The first of these regions is at the extreme southern 
limit of the Arnissa IGME sheet in the Mavro Rema region (Figs 2.9 & 2.12). 
The Mavro Rema section documents the gradational passage from the KGF of the 
Pelagonian Marble Group into the Pelagonian Ophiolite Nappe by way of the APBM and 
BSM. The emplacement of the ophiolitic nappe is hearalded in this section by the gradual 
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appearance of mudstones, wackestones, arenites and debris flows rich in ophiolitic detritus 
some 20-30m below the ophiolite (Fig 2.12 & Plate 2.4B). As with the Arnissa area, the 
arenites and wackestones are either rich in quartz or ophiolitic detritus, although admixing 
of these two end members is common. The arenites and wackestones are locally normal 
graded and have erosional bases, whilst the coarser-grained rudite horizons are rich in cm-
sized tholeiitic lava clasts (forming up to 40% of the clasts), and show evidence of 
deposition as traction carpets. Other clasts include calcarenite, micrite, quartz greywackes 
and arenites, gabbro, volcanic and metamorphic quartz, serpentinized ultramafics (dunite, 
harzburgite, pyroxenite etc) and rare rhyolitic fragments. Metamorphic fragments also form 
rare clasts. Detrital chromite can form up to 10% of the clasts in both the rudite and arenite 
horizons. 
This sequence is gradationally overlain by an ophiolitic melange of serpentinized dunitic 
and harzburgitic phacoidal blocks set within a sheared scaly serpentinitic matrix. 10m 2 
blocks of cherty carbonate, caic-rudites, meta-radiolarite and spilitic lava are also 
encountered. Three lenses of calc-rudite (Plate 2.3B) can be traced along strike in this region 
and are probably the same horizon which underwent boudinage during deformation. These 
calc-rudites are almost exclusively derived from lithologies identical to the Pelagonian 
Marble Group, and serpentinitic/ophiolitic detritus, whilst present, is minimal. Two of the 
calc-rudite horizons are underlain by serpentinitic rudites, arenites and mudstones. Several 
of these sedimentary packages are overridden by large dunitic slabs. The contact to the 
overlying Cretaceous Transgressive Group is relatively sharp, although the top 20m of the 
ophiolitic melange is strongly weathered and locally shows evidence of reworking during 
the Cretaceous. 
Sequences identical to that described above are encountered all along the western side of the 
Vermion, particularly well exposed in the Vretina, Kinotafion, Ayios Anargyroi, Reis 
Tsifliki and Mavri Rakhi regions (Figs 2.9, 2.11, 2.15, 2.21 & 2.22). At all of these localities 
the top of the Pelagonian Marble Group is marked by a rapid change to thin-bedded, cherty 
carbonates, radiolarites, arenites and schists of the KGF and APBM, and a gradational influx 
of ophiolitic-rich arenites and rudites of the BSM and ultimately ophiolitic melange. The 
sequence encountered in the Kinotafion region (Fig 2.21) is almost identical to the Mavro 
Rema sequence, with the Pelagonian Ophiolitic Nappe comprising a melange of ophiolite-
derived sediments and blocks within a scaly, phacoidal, ophiolitic matrix (Fig 2.21A & B). 
Exposures of the BSM are particularly good at this locality, comprising a series of tectonic 
lenses. Again, the majority of these sediments comprise ophiolite-denved mudstone, arenites 
and rudites (Plate 2.4D), interbedded with quartz arenites and wackestones. All the arenites 
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Fi 2.21 Sketch map and sections of the top of the Pelagonian platform and 
Pes onisn Oplsiolitic Nappe exposed 1km west of the summit of Kinotafion 
(l47m 1  Fig 2.9. In this region the ophiolite comprises a melange of 
ophiolitic derived sediments and blocks (BSM) within a scsly phacoidal 
matrix of serpentinite (OPH). The majority of these sediments are ophiolite M 100 200 300 
derived mudstone, arenites and rudites interbedded with quartz arenites and Poles to bedding, 21 data 
wackestones. All the arenites and n.idites show crude sorting and tail 
rsdin 	with the arenites locally dispalying Bouma (1967) divisions ts 
tnrou 'to Ic (Fig 2.21C & Plate 2.3D). Strongly deformed conlomerates of N 
the Cetaceous Lower Transgresive Formation (LTF) are also tound within 
and overlying the ophiolitic melange at this locality, testimony to the 
Tertiary movements within the Pelagonian sequence along this inherently 
weak horizon. Pichon (1976) wrongly assigned snese lithologies to the Mavri 
Raklii Fm. A", B 
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Fig 2.22 Sketch map and sections of the top of the Pelagonian platform and Pelagonian Ophiolite Nappe exposed in the Reis 
Tsifliki region east of Messovounon. A gradational top to the Pelagonian Marble Group is not preserved in (Isis region due to 
considerable tectonic cut Out. The basal exposures of the Pelagonian Ophiolitic Nappe are dominated by lithologies typical 
of the BSM (including debris flows rich in amphibolitic and carbonate detritus, and large, x20m, detached blocks of marble 
set within a chloritic and serpentinittc mudstone matrix), and pass up into more coherant slabs of serpentinized harzburgite 
(locally with slabs of arnphibolite at their base), dunite, serpentinitic mudstones and conglomerates. Tectonic "fish" of BSM 
lithologies, Pelagonian marble, spilitic lava (locally showing remnant pillow structures), amphibolite, meta-radiolarite and 
deformed Cretaceous conglomerates are all found withm the ophiolitic melange at this locality, the latter being incorporated 
during Tertiary deformation. The Melange appears to be overthrust by a slice of Pelagonian marble of the KGF, although 
Pichon (1976) regarded these marbles to be of Mavn Rakhi affmities. XRD analysis again found the basal exposures of the 
BSM in this region to be chlorite rich (Clinochlore and minor sphene) or a mixture of albite, quartz muscovite and 
clinochlore. In contrast, the overlying mudstones were found to be rich in ultrabasic derived components, including 
serpentinite, talc, olivine, amphibole and pyroxene, aswell as chlorite, quartz and albite. The contact between the thrust slice 
of (he KGF and the unconformably overlying Cretaceous LTF is locally marked by spectacular palaeokarstic fissures. 
C) 
and rudites show crude sorting and tail grading, with the arenites locally displaying Bouma 
(1967) divisions Ta through to Te (Fig 2.21C & Plate 2.31)). These sedimentary lenses 
predominantly consists of mudstone and fine-grained arenite couplets, suggestive of 
deposition as distal and/or low density turbidites. These sediments are sandwiched 
between highly sheared dunites (locally chromite bearing). Strongly deformed 
conglomerates of the Lower Cretaceous Transgresive Formation are also found within the 
ophiolitic melange at this locality, testimony to the Tertiary movements (see Section 2.9). 
Exposures of the BSM between Ayios Anargyroi and Psila Livadia (Figs 2.9 & 2.11, logs 3 
& 4) differ from the above localities in that very coarse grained, poorly sorted ophiolitic 
rudites are common, whilst thin-bedded arenites and serpentinitic mudstones are 
subordinate. Clasts are locally up to 10cm in diameter in these rudites, and are rich in 
angular slabs of amphibolite (well exposed at the western end of Psila Livadia ridge, GR5 14 
375). Clasts of foliated and schistose serpentinite and chloritic mudstone are also present. 
Large coherent slabs of dunite and harzburgite typically form the ophiolitic component of 
these outcrops. 
Exposure of the Pelagonian Ophiolitic Nappe opens up again between the col at Reis Tsifliki 
and the Kastro River to the south (Figs 2.9 & 2.22). A gradational top to the Pelagonian 
Marble Group is not preserved in this region due to tectonic cut-out (Sections 2.5.5 & 2.9). 
Despite this, the basal exposures of the Pelagonian Ophiolitic Nappe are dominated by 
lithologies typical of the BSM (including debris flows rich in amphibolitic and carbonate 
detritus, and large, 20m 2, detached blocks of marble set within a chloritic and serpentinitic 
mudstone matrix), and pass up into more coherent slabs of serpentinized harzburgite (locally 
with slabs of amphibolite at their base), dunite, serpentinitic mudstones and conglomerates 
(logs I & 2, Fig 2.22). Tectonic "fish" of BSM lithologies, Pelagonian marble, spilitic lava 
(locally showing remnant pillow structures), amphibolite, meta-radiolarite and deformed 
Cretaceous conglomerates are all found within the ophiolitic melange at this locality, the 
latter being incorporated during Tertiary deformation. The melange is overthrust by a slice 
of the KGF. XRD analysis again found the basal exposures of the BSM in this region to be 
chlorite rich (clinochlore and minor sphene), or a mixture of albite, quartz muscovite and 
clinochiore. In contrast, the overlying mudstones are rich in ultrabasic-derived components, 
including serpentinite, talc, olivine, amphibole and pyroxene, as well as-chlorite, quartz and 
albite. 
The passage from the Pelagonian marbles to the Pelagonian Ophiolitic Nappe is locally seen 
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Fig 2.23 Simplified geological map of the Ayios Dimitrios area from Vergely (1984, slightly 
modified). In this region the Pelagonian Marble Group (1) is strongly folded, with the Pelagonian 
Ophiolite Nappe (3) forming the core of a recumb€nt syncine. The top of the marbles are again 
marked by cherty carbonates and schists of the APBM (2) and are overlain by a chaotic ophiolitic 
melange comprising a matrix of sheared phacoidal serpentinite with abundant tectonic blocks (lava, 
radiolarite, quartz arenites, amphibolite etc). Jones and Blake (1976) identified crossite from meta-
radiolarite at this locality, and interpreted the ophiolitic sequences as the remnants of a subduction- 
accretion complex. 
Both Pichon (1976) and Vergely (1984) assigned deformed red-bed conglomerates and carbonates 
which overlie the ophiolite in this region (4) to the Mavri Rakhi Fm. In contrast, this study has shown 
that these litholgies (4) belong to the Cretaceous LTF which were deformed and thrust accross the 
underlying serpentinite following Tertiary deformation (see also Fig 2.15, Akrini logs). Logs I and 2 
(Kria Petra ridge section) equate to the Akrini logs of Fig 2.15 respectively. 
The LTF is conformably overlain by rudist bearing limestones of the UTF and flysch of the PFF (5) in 
this region, which are in turn thrust across by the Haut Vermion Nappe (6). 
tectonic south of here (Figs 2.9 & 2.15). The Pelagonian Ophiolitic Nappe is characterized 
in this region by almost identical sequences to those described previously, although thrust 
imbricate slices of the Mavri Rakhi Formation are encountered between Soumala and Mavri 
Rakhi (Fig 2.49). As with the Reis Tsifliki region, the basal exposures of the ophiolitic 
melange are characterised by debris flows comprising deformed loferitic and cherty 
limestones within a serpentinitic matrix. Large tectonic lenses of marble are also apparent. 
Exposures of the BSM crop out north of the small knoll, and pass up conformably from the 
Pelagonian Marble Group below but are in thrust contact with the overriding ophiolitic 
lithologies. Again meta-lava (locally pillowed), meta radiolarite and meta-clastics (both 
arenitic and ophiolitic) are found within the predominantly serpentinized harzburgitic and 
dunitic ophiolitic melange. South of Mavri Rakhi the ophiolitic strip is characterized by 
large coherent slabs (upto I 50m thick) of serpentinized harzburgite and dunite set within 
sheared phacoidal serpentinite. Amphibolitic slabs are also locally encountered at the base 
of the ophiolitic nappe in this region, and are in tectonic contact over marbles of the KMF. 
2.4.5 Ayios Dimitrios region 
In the Ayios Dimitrios region the Pelagonian Ophiolitic Nappe is exposed in a large 
recumbent synclinal structure east of the villages of Akrini and Ayios Dimitrios (Fig 2.23, 
Plate 2.25A). The ophiolitic lithologies in this region comprise a tectono-sedimentary 
melange consisting of sheared and metamorphosed serpentinite with blocks of chloritic, 
siliceous, tremolite-actinolite, antigorite and serpentinitic mudstones, quartz arenites, 
ophiolitic arenites, rudites, marble blocks, meta-radiolarites, meta-lavas, dunite, harzburgite, 
serpentinite and rare gabbroic and amphibolitic blocks. Pichon (1976) identified 
amphibolitic blocks at the base of the ophiolitic nappe in this region, suggesting that they 
represented a metamorphic sole. The presence of glaucophane-bearing schists and crossite-
bearing cherts was reported from the Ayios Dimitrios region by Jones and Blake (1977) and 
Vergely (1984). 
2.4.6 Petrography and geochemistry 
2.4.6.1 Introduction 
As is clear from the preceding sections, the Pelagonian Ophiolite Nappe comprises a 
complex tectono-sedimentary melange of serpentinized ultramafics and associated 
sediments. A petrographical and geochemical study of the ophiolitic nappe is thus difficult 
due to the obvious lack of a volcanic stratigraphy and preserved igneous relations between 
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differing lithologies. The majority of these igneous lithologies are also preserved as clasts 
within sediments, or as tectonic blocks. For this reason the establishment of a volcanic 
stratigraphy is not attempted. In the following pages lithologies encountered in the 
Pelagonian Ophiolite Nappe are briefly described from a petrological point of view, 
followed by geochemical analysis of the more favourable and least altered samples. 
2.4.6.2 Petrology 
Serpentinite: Volumetrically, serpentinite forms the most commonly occurring lithology 
and is derived from harzburgite, dunite and pyroxenite. At outcrop the serpentinite can be 
divided into several types including massive, phacoidal and schitose, the type dependent on 
the degree of internal shearing and deformation. Mineralogically, the serpentinites are 
composed of serpentinite (antigorite, lizardite and chrysotile), talc, chlorite and chrome 
sphinel occasionally associated with secondary calcite and tremolite-actinolite. Plate 2.6C is 
a typical example of a schistose serpentinite from the study area. 
Dunite: Typically, dunitic lithologies occur as large thrust and fault-bounded blocks (from 
meter to km size) within a sheared, serpentinitic matrix. The majority of this dunite has been 
greatly altered to serpentinite and talc during ophiolite emplacement and deformation. In 
thin section these dunitic lithologies were found to be rich in serpentinite (forming up to 
80% of the rock), associated with chlorite (10%), talc (5%) and rare remnant olivine grains 
(5%). Opaque oxides (ilmenite and chromite) and sphene form accesory minerals. Chromite-
bearing dunites are developed in the Kinotafion region. These serpentinized dunites are 
characteristically sheared and display a cataclastic texture, with remnant olivine crystals 
surrounded by a complex network of serpentinite and talc veins. Secondary carbonate is 
often associated with the shear zones. 
Harzburgite: Harzburgite also forms large coherent sheets within the ophiolitic melaige, 
the majority of which are strongly altered to serpentinite. In the less altered samples olivine, 
orthopyroxene, chromite and sphene are visible as the original mineral assemblage and 
cumulate textures are locally preserved (defined by layers of olivine and pyroxene). The 
majority of serpentinite of the Pelagonian Ophiolite Nappe appears to be derived from 
harzburgite. Locally harzburgite with mantle tectonite fabrics can be identified, although this 
is often lost following secondary alteration and subsequent deformation. 
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Gabbro: Gabbro does not form a common constituent of the ophiolitic nappe but was 
encountered as clasts in rudites of the BSM. One sample of a gabbro cumulate was identified 
as a clast in the Arnissa region. 
Dolerite-Diabase: Dolerité was only encountered as mm-to cm-sized clasts within arenites 
and rudites of the BSM. The majority of samples are greatly altered, with the extensive 
development of secondary albite, chlorite, epidote, quartz and calcite. Plate 2.6A (Sample 
I 146b) is a typical example of a less altered dolerite from the Arnissa region, and consists of 
elongate plagioclase feldspar laths and clinopyroxenes, which define a well developed 
intergranular texture. This particular sample is rich in opaque oxides. 
Lavas: Lavas of the Pelagonian Ophiolitic Nappe were most commonly encountered as 
sand-to cobble-sized clasts within arenites and rudites of the BSM, although rare m-to lOm-
sized blocks were also encountered (e.g. Arnissa and Reis Tsifliki region). Vague pillow 
structures are preserved in some of these blocks. Petrographically all the lavas studied can 
be classified as tholeiites and display well developed spherulitic, variolitic and intersertial 
textures. Ferrobasalts (i.e. basalts rich in significant opaque oxides) were also identified as 
clasts in arenites of the BSM (Arnissa region). Vesicular tholeiites are also developed, with 
the vesicles filled by radiating chlorite or secondary albite and quartz. Plagioclase typically 
takes the form of radiating sheafs which define the intersertial texture (Plate 2.6B) set within 
a groundmass of dull blue anomalous chlorite. Plagioclase with box textures were also 
encountered, indicative of rapid quenching. Augite is the other commonly occuring mineral 
in these tholeiites, and typically occurs as anhedral equant crystals, although commonly 
altered. Titanaugite was identified in samples from the Arnissa region (Sample I 142f, clast 
in debris flow). Secondary alteration of all the studied tholeiites is pronounced, taking the 
form of radiating epidote and chlorite, calcite, quartz and albite. Very foliated lava clasts, or 
lavas with an internally cataclastic texture were also encountered (Plate 2.6D), typically 
consisting of a fine-grained groundmass of chlorite with minor rutile, opaque oxides, quartz 
and sphene Radiating plagioclase sheafs are still locally recoinisable but are altered to 
albite. The augite alters to radiating chlorite. Highly birefringent micas and clusters of 
zoisite are also present. 
Amphibolite: Amphibolite was commonly encountered as tabular, well foliated, angular 
"slabs" within either sediments of the BSM or as tectonic blocks (up to 3m in length) in a 
serpentinitic matrix. The ophiolitic melange in the Arnissa, Psila Livadia, Reis Tsifliki and 
Ayios Dimitrios regions was found to yield the better preserved samples. These 
amphibolites are typically strongly foliated, with the amphibole and pyroxene crystals 
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orientated parallel to the foliation (Plate 2.5). When fresh, the amphibole is seen to consist 
of colourless to pale brown hornblende, pyroxene (with well developed exolved textures) 
and minor plagioclase feldspar, although more typically they are greatly altered to epidote, 
chlorite, tremolite-actinolite, sericite, clino-zoisite, quartz and albite. The elongate pyroxene 
grains are often rimmed by amphiboles at their edges, and the calcic plagioclase is full of 
needles of clino-zoisite or have altered to epidote and chlorite (all features indicative of 
retrograde metamorphism from amphibolite to greenschist facies). XRD analysis reveled 
magnesio and ferroan-pargasitic hornblendes to be common. Despite the varied mineralogy 
and alteration which has affected the amphibolite, geochemical study would suggest that 
these amphibolites have igneous protoliths (section 2.4.6.3). Late stage brittle fracture of 
these amphibolites is also a very common feature, often resulting in a cataclastic texture 
(see below and Plate 2.5). 
Acidic rocks: One sample of an altered granophyre clast was identified from the Arnissa 
region, and comprises phenocrysts of quartz and feldspar set in a fine grained matrix of 
quartz, feldspar, chlorite, mica and epidote. 
Cover sediments: The locally common occurrence of ribbon-bedded meta-radiolarite as 
metre sized blocks within the ophiolitic melange is taken as evidence for the existence of a 
cover sequence. These radiolarites are generally very deformed, with the individual 
radiolarian tests identifiable as quartz-filled strain ellipses set in a muddy and iron-rich 
microquartzite matrix. 
Cataclasites: All of the above described lithologies are commonly completely transformed 
to cataclasites following ophiol ite emplacement and deformation/metamorphism during 
both the Eohellenic and Neohellenic events, as well as retrograde metamorphism. The 
resulting rocks are typically rich in chlorite, albite, quartz, calcite, epidote, zoisite, 
stilpnomelane, epidote, sericite, sphene and remnant spinel. The amphibolites affected by 
this cataclasis typically comprise brecciated amphibole and pryroxene crystals set in a 
granulated groundmass of amphibole and feldspar. Remnant textures are occasionally 
preserved, allowing identification of the protolith, for example the mylonite shown in plate 
2.6D was probably a glomeroporphyritic lava. Ductile folds are also often preserved in these 
lithologies, as are spectacular jig-saw breccias and cataclastic textures. The jig-saw style 
breccias are the product of brittle deformation and break up the pre-existing schistosity. This 
brittle deformation is the last structural event effecting the rocks an is of probable Tertiary 
age. Spray & Roddick (1983) described identical lithologies from ophiolitic sole rocks 
preserved beneath the Pindos, Vourinos, Othris and Eubeoa ophiolites. 
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PLATE 2.3 
Field photograph of the transition from the Pelagonian Marble Group to the Pelagonian 
Ophiolite Nappe exposed SSW of Xanthoghia (logs I & 2, Fig 2.14). The lower left part of 
the view shows cherty micrites of the APBM which are gradationally overlain by chioritic 
schists and radiolarite. These lithologies pass gradationally or tectonically up section in to 
interbedded arenites and mudstones of the BSM (rich in quartz and metamorphic detritus) 
and ophiolitic melange. Note large detached block of marble within melange on right. 
Field outcrop of calcrudite horizon within the BSM exposed in the Mavro Rema section 
(Fig 2.12A). Such rudites are interpreted as being derived from erosion of the Pelagonian 
Marble Group during break up and transition to a foreland flysch basin ahead of emplacing 
ophiolites (pen for scale). 
Typical outcrop of rudites of the BSM exposed in railway cuttings east of Sphina, 
Arnissa region (Fig 2.13). Large clasts are predominately of quartzite. The Eohellenic 
lineation at this locality is out of the plane of section, and results in a pronounced 
elongation of the individual clasts and rodding (below & right of the pen). 
Normal graded turbiditic arenites and mudstones of the BSM exposed in track cuttings in 
the Kinotafion region of the Vermion (Fig 2.21C). Arenites and rudites from this locality 
are typically rich in ophiolite derived detritus (pencil for scale). 
PLATE 2.4 
Thin section photograph of medium to coarse grained quartz greywacke typical of the 
upper levels of the APBM and lower levels of the BSM. Both volcanic and metamorphic 
quartz are present (10mm, XPL). 
Thin section photograph of a coarse grained, largely ophiolite derived, arenite of the 
BSM. Note clast of dolerite (middle top), chrome bearing dunite (top right) and quartz 
greywacke (bottom left). Dolerite and tholeiitic lava generally form by far the most 
common clasts in this section (15mm, PPL). 
Thin section photograph of interbedded mudstones and arenites of the APBM exposed in 
track cuttings on the way up to Ayios Anargyroi (Fig 2.9). Note present of large clast of 
tholeiitic lava which has undergone shearing and rotation (implying a top to the 
right/dextral shear sense, which is towards the SE). Also note presence of second strain-slip 
style cleavage (bottom of photo). 20mm, PPL & XPL. 
Base of normal graded arenite of BSM shown in Plate 2.3D. Note erosional base. This 
arenite is particularly rich in tholeiitic lava and dolerite, but also note presence of carbonate 
detritus (middle left). 20mm, PPL. 
PLATE 2.5 
A & B. Thin section photograph of well foliated amphibolite clast (sample 1142) from the 
Pelagonian Ophiolite Nappe. Note marked tectonic fabric defined by elongate amphibole 
and pyroxene crystals, which is here attributed to Eohellenic deformation. Exolved textures 
are locally visible in the pyroxene, and rare plagioclase is present. This original mineralogy 
is greatly altered to epidote, chlorite, tremolite-actinolite, sericite, clino-zoisite, quartz and 
albite. The brittle fracture in the lower half of the photo has resulted in brecciation of the 
original texture, producing a cataclasite (see also Plate 2.6D). Such amphibolites are 
interpreted as remnants of an ophiolitic sole to the Pelagonian Ophiolite Nappe (10mm, A 
XPL & B PPL). 
PLATE 2.6 
Coarse grained dolerite from the Pelagonian Ophiolite Nappe (Arnissa region, sample 
I 146b), consisiing of elongate plagioclase feldspar laths and clinopyroxene, which define a 
well developed intergranular texture. This particular sample is rich in opaque oxides. 
Secondary albite, chlorite, epidote, quartz and calcite are also present (10mm, XPL). 
Tholeiitic lava from the Pelagonian Ophiolite Nappe (Arnissa region, sample 6/12). 
Radiating sheafs of plagioclase (clear) define a intersertial texture, and are set within a 
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groundmass of dull blue anomalous chlorite. Augite is also present (light green equant 
crystals). The large vein in the centre of the photo is calcite (15mm, PPL). 
Thin section photograph of phacoidal/schistose serpentinite typical of the Pelagonian 
Ophiolite Nappe. Note abundance of internal shear structures (10mm, PPL). 
Thin section photograph of cataclasite rock breccia which form relatively common 
lithologies in the Pelagonian Ophiolite Nappe. This sample was probably originally a 
tholeiitic (?glomeroporphyritic) lava. The groundmass consist of chlorite with minor rutile, 
opaque oxides, quartz and sphene. Secondary epidote and albite are also present (17mm, 
PPL & XPL). 
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Throughout this thesis basalt geochemistry has been used to deduce the tectonic setting of 
igneous rocks in the study area. This method utilizes the comparison of ancient basalts to 
basalts in known tectonic settings from the modern day, and relies on the fact that basalts 
erupted in differing tectonic settings have differing geochemical signatures (Pearce and 
Cann 1973). Three main suites indicative of distinct tectonic settings can be identified, 
namely Within Plate Basalts (WPB), Island Arc Tholeiites (IAT) and Mid-Ocean Ridge 
Basalts (MORB). WPB are characteristic of ocean islands and areas of continental rifting, 
IAT are typical of oceanic arcs formed above destructive plate boundaries (i.e. subduction 
zones) and some back-arc basins, and MORB are typical of Mid Atlantic Ridge type 
constructive plate boundaries and also some back-arc basins. A forth distinctive type of 
magma is supra-subduction zone boninite (BSV or Boninite Series Volcanics). 
Obviously this approach must take into account the effects of secondary alteration and 
metamorphism of basalts preserved in orogenic belts, which will cause element mobility. 
For example, greenschist facies metamorphism might result in a loss of A1203 and a gain in 
Si02, Na20 and FeO, whilst lower grade metamorphism might result in a loss of Si02, CaO 
and FeO and a gamin MgO and K20 (Pearce 1975, Cann 1979, Heaton & Sheppard 1976). In 
contrast, other elements might remain immobile under greenschist facies metamorphism, 
such as Ti02. In addition to this problem is the detection limit of elements which are present 
in the studied samples in "ery minor concentrations. For example, significant problems were 
encountered in detecting some trace elements, notably Nb, La, Ce, Nd and Th. This problem 
is associated with the analytical technique (X-ray fluorescence, see Appendix One & Three). 
The underlying aim of the study of basalt geochemistry is to estimate the primary melt 
compositions from which the lavas originated. This is governed by the composition of the 
source and the degree of melting from it. Whether elements go into this melt or stay in the 
source is a measure of their compatibilty or incompatibility with the source and is 
represented by the D number (a bulk distribution coefficient between the melt and source 
garnet Iherzolite). In simplistic terms, if a D number is less than 1 the element is 
incompatible, whilst if the D number is bigger than 1 the element is compatible (i.e. stays in 
the source). Large ion lithophile (LIL) elements are incompatible to normal mantle minerals 
such as olivine and pyroxene and are hence concentrated in the liquid phase during melting 
and crystallisation. These elements include Rb, Sr, K, Ba, Zr, Pb, Th and the light rare earth 
elements (REE) such as La, Ce and Nd. The other trace elements are incompatible high field 
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strength elements (HFS) and include Ti, P, Zr and Nb. The REE are LIL's but behave as 
HFS elements. REEs and HFS are the most useful elements for tectono-magmatic 
discrimination as they will remain in the solid products of weathering and are rarely 
removed in solution. They are thus essentially immobile regardless of the weathering and 
metamorphism which has effected the samples. The ratios of these elements to one 
another, e.g LIL to HFS form the basis for the tectono-magmatic discrimination diagrams 
utilized below. Multi-element "spider' plots are also used (Pearce 1980). These spider plots 
are arranged so that the incompatibility of the mobile and immobile elements increases from 
the outside to the inside of the diagrams. 
2.4.6.4 Basalt discrimination diagrams 
The polyphase deformed and metamorphosed nature of the volcanic lithologies of the 
Pelagonian Ophiolitic Nappe has resulted in extensive alteration of the rocks, notably 
rodingite alteration (with the addition of CaO and loss of Si02) and the production of 
metabasic cataclasites. This, coupled with the abundance of serpentinised ultramafics and 
limited igneous lithologies suitable for XRF analysis (lavas & amphibolites) meant that only 
a recoinnasance set of geochemical analyses were carried out (n=17). However, despite this 
alteration, the immobile trace element concentrations of the analysed samples was found to 
be reliable. The analysed samples are presented in Appendix One and Figures 2.24, 2.25, 
2.26, 2.27 and 2.28. 
Multi-element plots 
Figure 2.24a & b shows MORB-normalized trace element plots of six basalts from the 
Arnissa region. MORB-normalized values are taken from Pearce (1980). The relatively flat-
lying trend of the immobile elements in these plots is typical of MORB and slightly 
enriched to transitional MORB basalts. In contrast, the two plots presented in Figure 
2.24c & d show distinctive humped (Fig 2.24c, samples 1 142f & 1143) or dish shaped 
patterns (Fig 2.24d, samples I 139a & b), with the trace element concentrations deviating 
markedly from MORB. The humped shaped patterns of samples 1142f and 1143 are typical 
of WPB, with enrichment of most of the immobile trace elements relative to MORB. The 
mobile trace elements also appear to have been flushed out of these samples by subsequent 
alteration. Samples 11 39a and b show the complete opposite case, with depletion of most of 
the immobile trace elements relative to MORB. Such depleted lavas are termed Boninite 
Series Volcanics (BSV), and undoubtably originate in supra-subduction zone settings (e.g. 
Cameron et al., 1979, Hickey & Frey 1982) and are characterized by being enriched in 
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magnesium (14.26, 13.51) and silica but depleted in titanium and other HFS. Both samples 
I 139a and b appear to have been rodingitised resulting in elevated CaO values (15.98, 18.16) 
and low Si02 (42.09, 45.6) and Ti values (0.24, 0.23), as well as a similar loss of the mobile 
trace elements as displayed by samples I I42f and 1143. 
Figure 2.25 shows multi-element plots of analysed lavas and amphibolites from the Reis 
Tsifliki region. The four analysed lavas give patterns typical of evolved (12a, 12b, 20a) and 
slightly depleted (2 Ia) MORB. The depleted MORB is enriched in Cr as would be 
expected. Sample l2b appears to be transitional between MORB and IAT. The three 
analysed amphibolites gave three noticeably differing patterns (Fig 2.25b). Sample lIc 
shows a pattern typical of WPB, sample 1 lb shows MORB affinities, whilst sample 11 
appears depleted relative to MORB and has a trace element pattern more typical of IAT. 
Basalt discrimination diagrams 
Zr/Ti (Pearce & Cann 1973). The three WPB samples (1 142f, 1143, 1 ic) identified from 
the multi-element plots are clearly picked out on this diagram, showing marked enrichment 
in both Zr and Ti (Fig 2.26a). In contrast, the two boninitic lavas (1139a & b) do not plot 
due to their marked depletion in Zr. The majority of the remaining samples fall in the 
MORB/IAT field with three notable exceptions (11, 21a & 12b) which appear to be IAT. 
Nb/Y Ti/V (Pearce 1982). This plot again picks out the three WPB as falling well within the 
alkali basalt field, whilst the remaining samples fall in the MORB-VAB (volcanic arc basalt) 
field (Fig 2.26b). 
Y/Cr (Pearce & Wanming 1988). This diagram is particularly useful for picking out the 
boninitic volcanics, with a marked depletion in Y. The three TAT samples (11, 21a & 12b) 
are again identifiable (Fig 2.27a). 
Zr Zr/V (Pearce 1975). As with the Zr/Ti plot, the two boninitic lavas do not plot on this 
diagram due to their Zr depletion (Fig 2.27b). The two TAT do however (11 & 21 a) and fall 
well within the IAT field. Only one of the identified WPB (llc) plots on this diagram. 
Both the triangular plots Zr *3  Ti/100 (Pearce & Cann 1973) and Zr/4 Y 2Nb (Meschede 
1986) pick out all the above described suites well, as does the Nb/V Zr/Ti plot (Winchester 
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Fig 2.24A. MORB normalised multi-element "spidergram" plots of lava from the 
Pelagonian Ophiolite Nappe in the Arnissa area. Normalising values from Pearce (1980). 
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Fig 2.24B. MORB normalised multi-element 'spidergram" plots of lava from the 
Pelagonian Ophiolite Nappe in the Arnissa area. Normalising values from Pearce (1980). 
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Fig 2.25. MORB normalised multi-element spidergram' plots of lava and 
amphibolite from the Pelagonian Ophiolite Nappe in the Reis Tsifliki area (Vermion). 
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Fig 2.26a Zr versus Ti tectonic discrimination diagram (Pearce 1980) of lavas and 
amphibolites from the Pelagonian Ophiolite Nappe. MORB = Mid Ocean Ridge Basalts. 
IAT = Island Arc Tholeiites. WPB = Within Plate Basalts. 
Fig 2.26b Nb/V versus Ti/V tectonic discrimination diagram that also subdivides basalts 
into different magma types (Pearce 1982) of lavas and amphibolites from the Pelagonian 
Ophiolite nappe. VAB = Volcanic Arc Basalts. 
See text for explanation. 
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Fig 2.27a Y versus Cr tectonic discrimination diagram (Pearce & Wanming 1988) of 
lavas and amphibolites from the Pelagonian Ophiolite Nappe. BSV = Boninite Series 
Volcanics. 
Fig 2.27b Zr versus Zr/Y tectonic discrimination diagram (Pearce 1975) of lavas and 
amphibolites from the Pelagonian Ophiolite Nappe. 
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Fig 2.28c NbIY versus Zr/Ti diagram (Winchester & Floyd 1977) of lavas and 
amphibolite from the Pelagonian OPhiolite Nappe. See text for explanation. 
2.4.6.5 Summary 
Based on the limited number of samples described above it would appear that a complete 
suite from WPB through to BSV are present in the Pelagonian Ophiolite Nappe. The three 
analysed amphibolites come from the base of a serpentinized ultramafic sheet in the Reis 
Tsifliki region and most probably represent the remnants of an ophiolitic sole sequence. 
The two boninitic lavas from the Arnissa region come from an isolated lava block in sheared 
melange in the Megalo Kastro region (Fig 2.13). All the other analysed lavas were taken 
from isolated blocks within serpentinite melange or as clasts within coarse debris flows from 
the BSM in the Arnissa area. 
The WPB signature of samples 1 142f, 1143 and lic might reflect eruption as either rift type 
volcanics or ocean island basalts. In the absence of constraining stratigraphic or tectonic 
criteria it is impossible to say which is the more likely. Sample 1 ic is from amphibolitic sole 
rocks in the Reis Tsifliki region, and hence is comparable to similar WPB sole rocks 
described from other Tethyan ophiolites, notably the Vourinos (Jones 1990) and Eobeoa 
(Simantov et al. 1988) sole rocks. The IAT and MORB signature of the two other analysed 
amphibolites from this locality is also comparable to the Vourinos, Pindos and Eubeoa sole 
suite. 
The two boninitic samples (1139a & b) and TAT samples (11, 21a and possibly 12b) 
indisputably point to the eruption of several of the lavas in a supra-subduction zone 
setting. Similar boninitic lavas have been described from the Pindos, Vourinos (Jones & 
Robertson 1991) and Argolis (Clift 1990) ophiolites. The remaining, and dominant, MORB 
signatures point to the genesis of the Pelagonian Ophiolite Nappe in a true oceanic spreading 
setting. 
2.4.7 Depositional environment and evolution 
2.4.7.1 Jurassic subsidence and ophiolite emplacement 
During the (?late) Mid Jurassic both the platform and basinal carbonate sequences of the 
Pelagonian zone of northern Greece record the onset of clastic flysch sedimentation. This 
transition is represented by the APBM throughout the study area. Limited response is 
recorded in the basinal sequences (KGF of the Mavri Rema to Messovounon region), with 
the gradual increase in turbiditic horizons rich initially in metamorphic and volcanic quartz 
and a switch from carbonate turbidifr.s to radiolarite and chlorite-rich mudstone. Up section 
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these arenites become progressively enriched in ophiolitic derived detritus (tholeiitic lava, 
serpentinite, chromite and ultrabasic clasts). In contrast, the remnant areas of platform 
sedimentation record a dramatic and rapid subsidence to form a flysch basin (particularly 
well exposed in the Arnissa region, Fig 2.14). At this locality a progressive deepening 
sequence can be recognized consisting from the base upwards of A) algal marble (KMF) B) 
caic turbidites (KGF) C) interbedded cherty limestone and chioritic schists passing up into 
radiolarite, cherty and chloritic mudstone and rare serpentinitic mudstones (APBM) D) 
interbedded quartzarenites and wackes, chloritic, quartz, albite, and muscovite schists, 
radiolarite and talc/serpentinite rich schists E) interbedded debris flows, sandstones 
(increasingly rich in ophiolitic detritus up section), schists and a tectono-sedimentary 
melange unit rich in ophiolite derived blocks set in a scaly clay serpentinite matrix. XRD 
analysis of the schists and mudstones of this sequence reveals an initial dominance of 
chlorite schists and quartz, albite, muscovite schists, possibily reflecting extensional 
volcanism, followed by a gradual influx of detrital serpentinite and ultrabasic derived 
minerals up sequence. Thin section study confirms this trend with sedimentary serpentinite, 
detrital chromite and ophiolitiè detritus increasing up section. Reworked platform sediments 
and basement-derived metamorphic clasts are also encountered within both the quartz-and 
ophiolite-rich arenites, rudites and melange, suggesting significant basement-involved 
faulting. This sequence passes ultimately into ophiolitic lithologies and was interpreted by 
Sharp et al. (1991) to represent a migrating foredeep which developed ahead of an 
emplacing ophiolitic nappe (Fig 2.29). 
The cherty carbonates, chloritic schists and ribbon-bedded radiolarite of the APBM are 
thought to mark a deepening in the depositional environment of the KGF, possibly 
associated with extensional volcanism. Bijon (1982) concluded that the schists interbedded 
with the APBM were of volcanic derivation, and their overall mineralogy would tend to 
confirm this, the presence of pure quartz and albite rich schists most likely representing 
tuffaceous horizons. The presence of devitrified volcanics and volcanic quartz as clasts in 
some of the arenites also supports this conclusion. Such volcanism would undoubtably result 
in an increase in the amount of silica in the water column and hence would favour the 
development of siliceous sediments such as ribbon radiolarite and siliceous carbonates, 
although a hemipelagic setting is also confirmed by the presence of radiolarians, 
calcispheres and thin-shelled bivalves in the cherty carbonates. This volcanism probably 
relates to an increased flexural effect and extension of the platform ahead of the 
emplacing ophiolite (Fig 2.29). The thicker-bedded carbonates in this sequence are 
probably derived from break-up of the platform, which subsided below the CCD resulting in 
radiolarite deposition. Similar deepening sequences, including tuffaceous schists, have been 
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Fig 2.29 Scheniatic block diagram of the emplacement of the Pelagonian 
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described from the top of the Pelagonian platform in Euboea (Robertson 1991), Othris 
(Smith et al. 1975) and Argolis (Baumgartner 1985) and relate to extension of the platform 
that accompanied subsidence and break-up prior to ophiolite emplacement. The sequence 
exposed in the study area is also very similar to the foredeep sequence developed beneath, 
and ahead of, the Semail ophiolite in Oman (Robertson 1987). 
The overlying arenites, mudstones and rudites are of undoubtable epiclastic origin, 
however, and did not result from primary volcanic activity as suggested by Bijon (1982). 
That volcanism persisted might be indicated by the quartz, muscovite, chlorite and albite 
schists which are interbedded with the increasingly ophiolite-rich clastics. The majority of 
the sequence, however, are related to erosion and emplacement of an ophiolitic nappe 
(Fig 2.29). Sedimentary study suggests that these clastics were deposited as turbidity 
currents with debris flow mechanisms dominating up section. Unfortunately, 
palaeocurrent data from these sediments was not forthcoming due to the pervasive 
deformation and metamorphism, and hence the direction of ophiolite emplacement could 
not be inferred. The presence of rare carbonate-rich debris flows (e.g. Mavro Rema section) 
and detached marble blocks, often with an internal brecciated nature, interbedded with the 
above described arenites and ophiolitic melange most likely reflect extensional faulting and 
erosion of the Pelagonian marble sequence. Similar detached marble blocks and debris 
flows have been described from numerous other Tethyan foredeep sequences associated 
with ophiolite emplacement (e.g. Euboea, Robertson 1991; Vourinos, Zimmerman 1972, 
Vergely 1984; Argolis, Baumgartner 1985, Clift 1990; Oman, Robertson 1987). Stenzal 
(1987) has also described similar features from the foredeep sequences below the Bay of 
Islands Ophiolite in Newfoundland. The pres ence of chromite grains in sediments of the - 
APBM and BSM would suggest that the emplacing ophiolite nappe had undergone some 
degree of thrust iinbrication, possibly coeval with the formation of metamorphic soles, to 
expose the basal chrome bearing ultramafics to erosion and reworking into sediments 
of the foredeep sequence. This situation is similar to that described from Argolis by 
Baumgartner (1985). 
The increasingly chaotic and melange-like nature of the sequence up section, with the 
dominance of serpentinized ultramafics and isolated metasediments within a scaly and 
strongly sheared serpentinitic matrix, is here interpreted as the probable remnants of the 
base of an obducted ophiolite nappe and parts of a subduction-accretion complex which 
were unplaced beneath an overridding ophiolite. The recognition of features indicative 
of sedimentary deposition within this melange, unlike the underlying sequences, was 
minimal, and the melange would appear to be of predominantly tectonic origin. The 
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interpretation of parts of this sequence as the remnant of a tectonic, subduction-accretion 
complex is also supported by the local occurrence of minerals indicative of high-
pressure/low temperature metamorphism (glaucophane, riebeckite, pumpellyite and 
stilpnomelane). Jones and Blake (1977) and Vergely (1984) have described crossite from 
metachert and glaucophane-bearing schists in the Ayios Dimitrios region, whilst Brunn 
(pers comm to Jones & Blake, 1977) and Pichon & Brunn (1985) have identified 
glaucophane in the Vourinos melange. No such minerals have been identified from the 
underlying clastic (APBM and basal BSM) and marble sequences of the Pelagonian zone, 
despite several structural and metamorphic studies (e.g. Vergely 1984). This lack of 
blueschist facies minerals in the underlying sequences imply that these units were not 
involved in subduction, but rather that parts of the overlying tectonic melange represents 
material that must have been involved in a earlier formed subduction-accretion complex 
which was only later emplaced as part of the ophiolitic nappe. This hypothesis is similar 
to that proposed by Jones and Blake (1977) for the internal Hellenides, and more recently by 
Robertson (1991) from the sequences exposed in Euboea. Jacobshagen & Wallbrecher 
(1984) have also described an almost identical sequence from the Pelion Peninsula and 
Sporades, with the Pelagonian basement and platformal sequences (metamorphosed to 
greenschist facies) overlain by an ophiolitic nappe containing magnesio-riebeckite, crossite, 
spessartine and glaucophane. Jacobshagen & Walibrecher (1984) concluded that the 
ophiolitic material must have been metamorphosed to blueschist facies prior to 
emplacement onto the Pelagonian platform. Hence, in this model, the Pelagonian platform 
was only subject to greenschist-low amphibolite facies metamorphism during ophiolite 
emplacement and did not undergo en-masse subduction as has recently been suggested 
(e.g. Godfriaux and Ricou 1991). With obduction of oceanic crust, parts of a subduction-
accretion complex was accreted to the base of the ophiolitic nappe and subsequently 
emplaced over the platform, which then collapsed to form a fore-deep flysch basin ahead of 
the advancing ophiolite (Fig 2.30). This collapse fore-deep sequence is represented by the 
predominantly olistostromal and sedimentary sequences of the APBM and basal BSM and is 
tectonically overlain by either remnants of the accreted subduction complex or directLy by 
the ophiolitic nappe. In the study area the former case appears to be more common. 
In the Mavri Rakhi region the tectonic melange is not developed, and the platform marbles 
are overlain by a large coherent sheet of serpentinized ultramafics. Detached and isolated 
amphibolite slabs are not widely developed in this region but were most commonly 
encountered at the base of the serpentinized ultramafics and are here interpreted as remnants 
of an ophiolitic sole sequence. Similar amphibolite slabs were also identified in other 
sections, often in close proximity to large masses of serpentinized harzburgite (e.g. Arnissa 
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Fig 2.30. Pindos derived emplacement model for the Pelagonian Ophiolite Nappe (modified from 
Jones 1990 & Robertson et al.. 1991). In this model the ophiolites developed in a supra-
subduction zone setting and were obducted eastwards over the western margin of the Pelagonian 
zone. Obduction of part of a subduction-accretion complex (including btueschist facies rocks) is 
also suggested. Following initial obduction the nappe moved eastwards preceded by a migrating 
flvsch basin in to which both platform and ophiolite derived detritus were shed. 
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Fig 2.31 Sketch section of the metamorphic sole of the Oman uphiolite in the Hamadiyin 
area (from Rabu 1987). The sequence developed beneath the Pelagonian Ophiolite 
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Fig 2.32A Schematic log of the Vourinos ophiolite and detailed section of the basal sequence (from 
Vergely 1984). A I & 2. Pillow lavas and dykes. B. gabbros (3), gabbros and peridotite cumulates 
(4) and peridotite cumulates (5) which overlie a complex transition zone (6). C harzburgite 
peridotites (7) with local chromites (8) and a basal serpentinite (9). 1) sub-ophiolite sequence which 
is divided into a upper (lO/Di) tectonically complex part consisting of amphibolites, gneiss and 
mica schists, and a lower (1 11D2) chaotic part of sedimentary origin comprising quartzites and 
radiolarite (a), siliceous carbonates (b) pillow lavas and gabbros (c) set in a schistose matrix (d). E. 
siliceous/cherty carbonates. 
Fig 2.32B Preservation of the Vourinos ophiolite in a fault bounded depression (from Vergely 
1984). The transverse faults are long lived features which probably originated in the ?Permo-
Triassic and persisted until the Tertiary, controlling the disposition of the Late Jurassic and younger 
sediments. 1-recent. 2-transgressive cover to the ophiolite (L. Jur - Cret). 3-pillow lavas and dykes. 
4-gabbros and peridotites. 6-Pelagonian marbles 7-basement mica schists and gneiss. 
and Reis Tsifliki regions), and probably also represent sliced remnants of sole rocks. 
Unfortunately, Neohellenic thrust imbrication of the Pelagonian Ophiolite Nappe has 
resulted in a complex reimbrication of all of the sequences preserved in the nappe which 
makes it difficult to establish the original sequence. Despite this, it would appear that the 
coherent sheets of serpentinized ultramafics and associated amphibolite originally overlay 
the tectonic subduction-accretion melange, or sat directly over the sedimentary sequences of 
the APBM and BSM. The latter case is similar to that developed beneath the Vourinos 
ophiolite. The interpretation of the slabs of amphibolite as fragments of an ophiolitic sole 
sequence is also supported by the decrease in metamorphic gradient down section into the 
basal BSM and APBM. In fact, the whole top Pelagonian platform, APBM, BSM to 
amphibolite and serpentinized ultramatics sequence is very similar to the metamorphic sole 
sequence of other Tethyan ophiolites, notably the Vourinos and Oman sole sequences (Figs 
2.31 & 2.32). Petrographic study confirms this interpretation, with an almost identical 
metamorphic evolution developed beneath the Pelagonian Ophiolite Nappe to that described 
by Searle & Malpas (1980) and Rabu (1987) from beneath the Oman ophiolite (i.e. an 
inverted metamorphic suite with well foliated amphibolites at the top passing down to 
greenschist facies sedimentary rocks). This metamorphism is syn-tectonic and is associated 
with the development of a penetrative schistosity in all the rocks, but is clearly overprinted 
by a post-tectonic retrograde event to greenschist facies. The typical mineral assemblages of 
the first tectonic phase are hornblende+clinopyroxene+plagioclase (in the amphibolites) and 
quartz+muscovite+green chlorite (in the sediments). The retrograde metamorphic event 
results in the development of chlorite+tremolite-actinolite+epidote+albite, which often form 
poikiloblasts overgrowing the first schistosity. 
The geochemical analysis of isolated lava and amphibolite blocks within the Pelagonian 
Ophiolite Nappe identified a wide range of suites, including alkali basalts with titanaugite 
which plot in the WPB field, tholeiitic basalts of MORB affinities, IAT basalts and two 
samples of BSV (boninitic) affinity. A similar range of protoliths was obtained from the 
Pindos and Vourinos ophiolites by Kostopoulos (1989) and Jones & Robertson (1991). 
2.4.7.2 Comparison with the Vourinos ophiolite 
In common with the Pelagonian Ophiolite Nappe described above, the Vourinos ophiolite 
sits directly upon the Pelagonian platform marbles, the top of which are marked by a 
sequence identical to that described from the top of the Pelagonian marbles in the Arnissa, 
Vermion and Ayios Dimitrios regions (i.e. a deep water mixed carbonate-clastic sequence 
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Fig 2.33A Schematic diagram of the emplacement of the Vounnos ophiolite and the 
development of the sub-ophiolite sequences (from Vergely 1984). 1-accumulation of 
debris from erosion of the nappe. 2/3-input from the basement by reverse faulting 
(including gneiss). 4-serpentinite slices. 5-progressive deformation of the resulting 
sequence by the overriding nappe. 
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Fig 2.33B Progressive evolution during emplacement of the Vourinos ophiolite (from 
Vergely 1984), with faulting of the marble basement and resulting preservation of the 
ophiolitic masses (i.e. Vourinos) in the fault bounded hollows. 
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contact (e.g. Zimmerman 1972, Naylor and Harle 1976, Vergely 1984, Jones 1990) and it 
was briefly studied as part of this work. Most authors agree that this sequence developed 
beneath an emplacing ophiolitic nappe (Fig 2.33). The similarity of these two sequences 
also makes it difficult to envisage that they are not related to the emplacement of the same 
ophiolitic nappe. The obvious difference between the two sequences is that the Vourinos 
foredeep sequence is overlain by a complete ophiolite, whilst the Arnissa, Vermion and 
Ayios Dimitrios sequences are overlain by either a complex ophiolitic melange 
interpreted as the remnants of a subduction-accretion complex, or strongly thrust 
dislocated slabs of serpentized ultramafics and rare associated amphibolitic rocks. 
Geochemically, the rocks analysed from the Arnissa and Vermion melange are very similar 
to those developed in the Vourinos and Pindos ophiolites, importantly including the 
presence of boninites, and hence a common origin above a subduction zone appears 
likely. No boninites have (as yet) been identified from the Central and Eastern Almopias 
zone (Chapters Four and Five). This would favour derivation of the Pelagonian Ophiolitic 
Nappe exposed in the study area from the Pindos Ocean, as it is now widely accepted that 
the mantle tectonite fabrics of the Vourinos ophiolite record intial displacement of the 
ophiolite towards the NE (Ross & Zimmerman 1984, Rassios 1991, Naylor and Harle 
1976, Jones & Robertson 1991, Robertson et al., 1991 Smith 1994). This remains 
contentious however, and is re-addressed in Chapter Seven following a discussion of the 
evolution of the Almopias and Paikon zones. 
2.4.7.3 Age of emplacement 
The age of emplacement of the Pelagonian Ophiolite Nappe is constrained by several 
parameters (e.g. Spray & Bebien, 1984) including; the age of the sedimentary sequences 
below the ophiolitic nappe, the age of transgressively overlying sequences, and the 
radiometric age of the ophiolitic sole rocks and latest intrusives. 
The first parameter is difficult to constrain due to the recrystallised nature of the underlying 
sediments. No new age data was forthcoming during this study and hence data from outside 
the study area was utilised. Mavridies (1979, 1980) obtained Upper Liassic ages from deep-
water facies of the Pelagonian marbles immediatly beneath ophiolitic exposures in the 
Siatista region (Fig 2.2). Similarly, Mountrakis (1982) dated Liassic olistoliths in the 
Kastoria ophiolitic melange. Elsewhere in the Pelagonian zone of Greece similar Liassic 
ages have been reported for the top of the Pelagonian platform, but locally considerably 
younger ages have been suggested. For example, further south in Euboea (Fig 2.1) 
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Kimmeridgian-Tithonian aged radiolarites have been reported from fore-deep sequences 
beneath ophiolitic nappes (Robertson 1991). This data may not be acurate, however, and is 
currently being redefined. Most likely the published ages are too young, and a refined 
Bajocian-Bathonian age for radiolarites immediatly under ophiolitic nappes is more 
probable (T. Danillion, Pers. Comm. 1994). 
The age of the transgressively overlying carbonates of the Pelagonian Ophiolitic Nappe of 
northern Greece was for a long time regarded as Aptian-Albian in age (Brunn 1956, Mercier 
1968). Subsequent work, however, has recognized neritic and pelagic sediments of Late 
Jurassic (Kimmeridgian-Tithonian) age to overlie the Vourinos ophiolite (e.g. Faugeres & 
Robert (1972), Brunn er al. (1972), Mavridis et al. (1979, 1980), Brunn (1956), Pichon 
(1976, 1977)). Pichon (1976, 1977) suggested a similar age for the Mavri Rakhi sequence 
which unconformably overlies the Pelagonian Ophiolite Nappe in the Vermion region 
(Section 2.6). The transgressive cover to ophiolitic sequences in the Western Almopias zone 
has also been dated as Late Jurassic (Oxfordian-Kimmeridgian) in age (Galeos et al., 1991, 
Sharp & Robertson 1994, see also Chapter Three). A pre Late Jurassic (Oxfordian-
Kimmeridgian) age of emplacement is thus proved for the ophiolitic nappes of 
northern Greece. 
The age of the Vourinos ophiolitic sole was dated by Spray & Roddick (1983) as 179 ± 
4my. Similarly, the ophiolitic sole rocks of the Pindos ophiolite were dated as 172± 5 Ma 
(Thuizat et al. 1981), 173± 3 Ma and 172± 3 Ma (Roddick et al. 1979, Spary and Roddick 
1983). Spray & Bebien (1984) later corrected this to 165±3 Ma, suggesting a Bathonian age 
of sole formation. Similar ages (170 & 180 my) were also obtained from the metamorphic 
soles of the Othris and Eubeoa ophiolite by Spray & Roddick (1983), and led them to 
conclude that the Pindos, Vourinos, Othris and Eubeoa ophiolites must all have a common 
origin due to obduction of an ophiolite nappe from one ocean basin. The formation of 
ophiolitic soles are thought by numerous authors (e.g. Nicolas and Le Pichon 1980, Boudier 
and Coleman 1981, Lippard et al. 1986) to document the age at which ophiolitic nappes first 
underwent obduction. However, other workers (e.g. Spray & Roddick 198s) suggest that the 
formation of ophiolte soles recored the age of intra-oceanic thrusting, and not of 
obduction. The fault produced by this intra-oceanic thrusting represents the main transport 
surface of the ophiolitic nappe. Consequently, the age of obduction of the ophiolitic nappe 
onto the Pelagonian platform is probably younger than the ages of the ophiolitic soles. 
The emplacement of the Pelagonian Ophiolitic Nappe of northern Greece hence probably 
occured between the Bathonian and Oxfordian-Kimmeridgian. The refining of 
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radiolarian age data present in the foredeep sequences present on top of the Pelagonain 
platform (e.g. in Othris and Argolis) will hopefully further constrain this date (Danilion 
1992, 1994 and pers. comm. 1994). 
Coeval and following the emplacement of the Pelagonian Ophiolite Nappe the Pelagonian 
zone was strongly deformed and metamorphosed for the first time. This deformation is 




2.5 Late Jurassic (Eohellenic) deformation 
2.5.1 Introduction 
Late Jurassic (Eohellenic) deformation of the Pelagonian zone resulted in folding, thrusting 
and metamorphism of all the sequences described in the preceding sections. Brunn (1956) 
and Mercier (1968) first described this deformation, and were followed by Vergely (1984) 
Mountrakis (1976, 1982, 1984) and Pichon (1976). Vergely termed this deformation phase 
the Eohellenic JE1 event. Structural and metamorphic study during this thesis was 
generally in good agreement with these previous workers with regard to the trend of 
deformational structures (lineations, fold axis trends etc.) associated with the Eohellenic JEl 
event, although the vergence of structures and the tectonic style of deformation proved 
problematic. Hence, in the following sections, a brief summary of the main features 
associated with the Eohellenic event is presented based on structural and metamorphic data 
gathered during this research. These data are compared to the structural data of the above 
mentioned authors where appropriate. 
2.5.2 Deformation style 
Folds (Fl) associated with the Eohellenic JEI event are essentially ductile, flat-lying to 
slightly inclined isoclines or similar-style folds which are thickened in the hinge zones and 
thinned or sheared-out parallel to the foliation on the limbs. They are associated with a 
pronounced axial planar cleavage (SI) which is typically parallel to bedding (SO), although 
discordances between cleavage and bedding are developed in fold hinges. The most 
conspicuous feature associated with this deformation is the development of a pronounced 
lineation (LI) parallel to the b tectonic axes of isoclinal folds (Fig 2.34). Importantly, this 
lineation is a stretching lineation, with clasts and minerals elongated parallel to it. 
Consequently, the dominant fabric of the Eohellenic deformation is a penetrative, bedding-
parallel, foliated and lineated fabric. Boudinage of the lower limbs of folds is also a 
common feature of the Eohellenic (JE1) event, the boudins elongated parallel to the fold 
axis (H) and pronounced lineation (Li, Fig 2.34). This results in flattening and stretching in 
the albi plane. The vergence of observed folds is very difficult to conclude. Locally 













£ plunge & trend foic 
• pole to bedding 
Fig 2.34 • poles to axial plan 
Sketch of Eohellenic(JE1) deformation style as exposed in road side cuts of the APBM(interbedded 
schists, arenites and rudites) on the road up to the chapel Ayios Anargyroi in the western Vermion 
(locality 7 of Fig 2.31). At this outcrop boudins of limestone and sandstone within schists parallel the b 
tectonic axis (i.e. the fold axis). There is also a pronounced stretching fabric, marked by both the 
lineation and the elongation of individual clasts in rudites and the boudins. This stretching lineation is 
parallel to the b tectonic axis which is typical of the Eohellemc deformation style. This results in a 
marked elongation of clasts within debris flows in NNW-SSE direction. 
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Fig 2.34 Sketch of the pronounced stretching lineation (11) developed in the Arnissa area. Locality 
7 (see Fig 2.36) is of an outcrop within marbles of the KGF exposed in railway cuts. Rootless 
isoclines with no apparent sense of vergence are also visible in this outcrop, the axis of which are 
parallel to the lineation. Locality 11 is of deformed rudites of the BSM also exposed in railway 
cuts. The clasts in these rudites are elongated parallel to the pronounced lineation (11) and are 
particularly well developed at this locality. 
Fig 2.35. Lower hemisphere stereographic plots of the plunge and trend of the 
Eohellenic lineation (Ii) in the Kaimaktchalan massif. Poles to bedding are also 
plotted. The cross cutting lines on these p'ots delineate the scatter of the lineation 
trend (for example the trend of the lineation in plot 9 was found to vary between 
305° and 322°, whilst the trend of the Imeation in plot 8 varies between 340 )  and 
354°). 
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Reis Tsifliki regions the presence of NE and ENE verging structures was noted. The 
significance of this observation is discussed later. Throughout the study area the pronounced 
lineation (Li) was measured systematically. Figures 2.35, 2.36 and 2.37 are lower 
hemisphere stereographic plots of the plunge and trend of this lineation in the 
Kaimaktchalan, Arnissa and Vermion regions. The trend of this lineation was found to be 
remarkably consistent throughout the study area (N180°-N130°, with an average of N150°) 
and to parallel observed fold axes. 
Metamorphism associated with Eohellenic deformation is within the greenschist. and 
possibly amphibolite facies (own data and Vergely 1984, Pichon 1976, Mountrakis 1976), 
resulting in the appearance of syn-tectonic minerals which define the schistocity. Within the 
marbles the appearance of calcite, white mica, albite, epidote, chlorite, quartz and tremolite 
is typical. Albite porphyroblasts are common in the uppermost Pelagonian marbles 
(APBM), and locally over print the schistocity, or are rotated with it. Schists of the APBM, 
KGF and BSM typically contain epidote, calcite, chlorite, white mica, muscovite, albite and 
stilpnomelane. 
2.5.3 Mesoscale folds and structures - Arnissa region 
2.5.3.1 Introduction and previous work 
Mesoscale (i.e. outcrop scale) folds attributable to the Eohellenic JE1 deformation in this 
region were described by Vergely (1984, & Fig 2.38). The cherty carbonates of the APBM 
have registered the Eohellenic deformation very well (replacement chert picking out the 
folds and the schists picking out the lineation), allowing a detailed study of the structural 
evolution. Vergely (1984) suggested that the Eohellenic JE1 folds (Fl) in this region are 
symmetrical in the hinge regions and asymmetric on the flanks of larger-scale folds (Fig 
2.38). He concluded that these folds verge towards the WSW, although admits that vergence 
directions are difficult to asserte.n on the majority of outcrops, with both east and west 
verging folds visible. This dual vergence was explained by Vergely with the inference of 
macroscale flat-lying isoclines with west and east verging folds representing the normal and 
inverse flanks, respectively (Fig 2.38). Vergely also concluded that these folds (Fl) are cut 
by east-verging folds (F2) which cut across SO and Si. These folds are co-axial to the earlier 
(Fl) folds (Fig 2.38) and were assigned to a second Eohellenic deformation event (JE2). 
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Fig 2.38a Vergelys (1984) sketch of folds in the Arnissa region. Eohellenic JE1 folds 
(81) in this region are symmetrical in the hinge regions (A) and asymmetric on the flancs 
of larger scale folds (B). Vergely also concluded that these folds (Bi) are cut by east 
verging folds (B2, C) which cut across SO and Si. These folds are co-axial to the earlier 
(B!) folds and were assigned to a second Eohellenic deformation event (termed JE2 by 
Vergely). The contoured stereographic projections show the plunge and trend of the first 
folds and lineation (Bi, ii - plot a) and the second phase of folds (B2, 12 - plot b). Note 
that the plunge and trend of these folds is essentially the same. 





Fig 2.38b Vergelys interpretation of the dual sense of vergence displayed by the 
Eohellenic (JEl - Bi) folds. This dual vergence was explained by the inference of 
macroscale flat-lying isoclines with west and east verging folds representing the normal 
and inverse flanks respectively 
2.5.3.2 New data and interpretation 
All of the localities utilised by Vergely in the Arnissa region were studied during this work, 
as were numerous other localities revealed during the course of mapping of the Arnissa 
region (Fig 2.36). Figure 2.36 also clearly shows the consistent nature of the lineation 
associated with the Eohellenic deformation. Locality 11 (railway cuttings south of Sphina) 
gives excellent sections through deformed rudites of the BSM and clearly shows the style of 
the marked stretching lineation present throughout the Arnissa area. At this outcrop the 
stretching lineation is parallel to the b axis of observed folds (Plate 2.3C, Fig 2.34) and is 
picked out by elongated and rodded clasts within a debris flow. 
This stretching lineation is also well developed in the marbles. For example, at the western 
end of the railway cut (Loc 7, Fig 2.36) exposures within the KGF typically only record the 
penetrative lineation (LI), although rare rootless, ductile folds (flat lying isoclines) are also 
visible (Fig 2.34). These folds have no identifiable vergence. Deformed fenstral marble, 
with the same pronounced lineation (LI, towards 130 0 1400), are also visible on the lake 
front (bc 6, Fig 2.36). Boudinage at this locality is developed within the more competent 
sugary marbles which also pinch and swell as oppose to completely break (i.e. mullion 
structures). These boudins and mullions are perpendicular to fold axis and lineations (Plate 
2.1C). Smaller-scale boudins are also developed within the fenstral beds and trend towards 
064°-077° (i.e. at right angles to observed fold axis and the pronounced lineation, Plate 
2.2A). The age of these boudinage structures is unclear but they appear to be associated with 
the F1-Ll Eohellenic deformation and are themselves locally cut by palaeokarstic fissures 
(Lower Cretaceous in age, section 2.7). The significance of these structures is discussed 
after a study of Eohellenic folds exposed in the Arnissa region. 
Locality 8 (Fig 2.36) is the key locality for understanding the evolution of Eohellenic 
structures. At this locality a dual sense of vergence of folds of the same style is clearly 
developed within an outcrop of cherty carbonates of the APBM. At the north end of the 
outcrop folds with both NE and SW vergence are developed (Fig 2.39). The axial plane 
trend of both sets of folds are parallel and appear to cut across SO. The pronounced lineation 
(LI) is undoubtedly parallel to the fold axis. Cleavage associated with these folds is at an 
angle to bedding in the fold hinge region, but is parallel to bedding away from the fold 
hinges. 
The dual sense of vergence of these folds of identical style (which is visible in an outcrop of 
no more than 5m height) could be explained by larger-scale folding of the outcrop (as 
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suggested by Vergely), with the folds forming parasitic folds on the inverse and normal 
limbs of larger scale folds (Fig 2.38). The geometry of the folds do not correlate with this 
interpretation, however (i.e. folds on the normal limb differing in style to those on the 
inverse limb, see Fig 2.38). In contrast, both the west and east verging folds are the same 
style and hence it is impossible to conclude the true vergence and facing direction of the 
fold structures. Also, it was impossible to identify the axial plane of the supposed 
macroscale fold responsible for these differing vergences in this crag. Similarly, the east 
verging folds are not confined to the upper part of the crag and the west verging to the lower 
part, or visa-versa, as would be expected in the presence of a larger fold. Rather, east and 
west verging folds are often juxtaposed to each other throughout the height of the crag. Such 
features are difficult to explain using Vergelys interpretation. 
The second possibility to explain this conflicting vergence is a second phase of 
deformation co-axial to the first phase. This scenario was utilised by Vergely (1984), who 
suggested a second Eohellenic deformation (JE2 event, post JEI, pre Aptian-Albian). As 
will be discussed in Section 2.6, and indeed throughout this thesis, the presence of this JE2 
event is strongly doubted and has been systematically shown not to exist in the Pelagonian, 
Almopias and Paikon zones (Sharp & Robertson 1992, Sharp & Robertson 1994, Brown & 
Robertson 1994, Brown et al. in prep, Chapters 3, 4, 5 & 6). With relation to the Amissa 
region in particular Vergely suggested that folds that cut across SO and Si are related to the 
JE2 event. As can be seen from figures 2.38b & 2.39 this would exclude folds assigned to 
the JEI event, which fold bedding and produce a cleavage which locally appears to be at an 
angle to the more typical bedding parallel cleavage. This is very clear in Vergely's own 
diagram (Fig 2.38b). Hence Vergely's criteria for the definition of a second, co-axial, phase 
of deformation in the Arnissa region does not fit even one phase of deformation. 
Perhaps even more conclusive evidence for the lack of this east verging JE2 event is the 
complete absence of east verging folds in the transgressive carbonates of Late Jurassic-
Lower Cretaceous age in the Pelagonian zone (section 2.6). Hence Vergely's criteria for the 
definition and dating of JE2 structures as east verging folds which affect all sequences older 
than and including the Late Jurassic-Lower Cretaceous transgressive carbonates (i.e. Mavri 
Rakhi Fm, Krapa, Vigla and Siatista carbonates) does not apply. Reconnaissance study of 
these carbonates clearly showed that they had been subject to the same phases of 
deformation as the overlying Cretaceous Transgressive Group. These deformational 
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Fig 2.39 Field sketches and lower hemisphere stereographic plots of Eohellenic folds exposed in 
cherty carbonates of the APSM in the Arnissa area. At locality 8 (see Fig 2.36) folds of identical 
style and axial trend record conflicting vergence directions (NE or SW). These folds do not appear 
to be related to the inverse or normal limbs of macroscale folds as suggested by Vergely (1984, see 
also Fig 2.38) or to a second phase of folding. Cleavage associated with these folds is clearly at an 
angle to bedding in the fold hinge region, but is parallel to bedding away from the fold hinges. At 
locality 9 east verging folds of an identical style to those at locality 8 are particularly well exposed. 
The nature of this outcrop clearly shows that the fold axis and stretching lineation are parallel. 
The two other feasible ways to explain the contradictory fold vergence encountered at 
locality 8, and indeed throughout the Pelagonian zone of the study area, are: 
Tectonic cut-out of fold limbs by reverse faulting, and hence juxtaposition of differing 
structural levels, which would produce locally conflicting vergence directions. Evidence for 
this, particularly at locality 8 in the Arnissa region, was not obvious, although in other 
regions (e.g. Messovounon and Ayios Dimitrios, sections 2.5.4 & 2.5.5) Tertiary disruption 
of Eohellenic structures was encountered. 
The formation or rotation of fold axes (Fl) towards parallelism with the 
pronounced stretching (transport) direction (Li). Such a feature was first discussed in 
detail by Escher & Watterson (1974), and Flinn (1962) and is related to simple shear within 
mobile belts in which L-S tectonite (stretching) fabrics are common. This style of 
deformation develops where the dominant strain was one of flattening associated with 
shearing. Under these conditions fold axes of random orientation rotate towards the 
direction of shear movement whilst the associated flattening (developed due to tectonic 
thickening) would result in the development of an L-S tectonite fabric in which folds 
parallel the stretching lineation which is also the slip direction. Importantly, numerous 
authors have described this style of deformation for the first formed fabric (i.e. JE1 
Eohellenic fabric) from the Pelagonian zone south of the Aliakmon River (e.g. Barton 
1976, Nance 1981, Yarwood & Dixon 1977, Schemer 1990, 1993, Sfeikos 1990, Doutsos et 
at., 1993). This deformation was the first to affect the Mesozoic carbonates and ophiolites in 
this region. With this style of deformation fold asymmetry and vergence directions will be 
random and of no use whilst the trend of the axial planes will be relatively constant and 
parallel to the main lineation. Importantly, with this style of deformation the main 
transport direction is parallel to the pronounced stretching lineation and fold axis, and 
not perpendicular to these structures. Clearly such a style of deformation would account 
for the conflicting vergence evidence present in the Arnissa region. One might expect to see 
sheaf folds associated with this style of deformation, but examples from other collisional 
belts (e.g. Calledonides, Appalachians, see discussion in Escher & Watterson 1974) often 
show that the folds have been completely brought into parallelism with the stretching 
direction. 
In support of this hypothesis are data collected from slickensides within the Pelagonian 
Ophiolite Nappe in the Arnissa region. Two slickenside trends are developed (Fig 2.40); one 
dominant set which show movement towards the SE, and a less well developed set which 
show movement towards the SW. The SE trending set tie in well with the Eohellenic 
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stretching lineation (LI), and show a dominant sense of shear towards the SE, although 
NW shear senses are also present. The SW trending set appear to tie in with Tertiary reverse 
faults and show movement towards the SW (section 2.9). They also cut across the SE 
trending slickensides, confirming their younger age. 
Other localities in the Arnissa region which show structures of Eohellenic age (i.e. folds 
showing all the features described from locality 8) are well exposed at localities 1, 2, 4, and 
9 (Fig 2.36). The exposures at locality 9 are spectacular, with erosion of this once lake-side 
crag producing good 3D outcrops (Plate 2.24B). All mesoscale folds at this locality verge 
towards the NE, and are of identical style to the mesoscale folds described from locality 8. 
The isolated nature of the outcrop at locality 9 make it difficult to establish the stratigraphic 
way-up of the exposure, although scrappy exposures of debris flows and schists of the BSM 
towards the NE suggest that the sequence youngs towards the NE. Figure 2.39 is a detailed 
plot of measured folds from this locality. Folds at localities I & 2 are identical in style to 
localities 8 & 9, but appear to predominantly verge towards the SW (Fig 2.41a). Folds at 
locality 4 verge towards the NE (Plate 2.IF). 
One other feature of importance to understand the style of Eohellenic deformation is well 
exposed at locality 9. At this locality the presence of numerous small displacement (1-4cm), 
listric, extensional faults which define an S-C fabric was noted (Fig 2.41b). The fault 
planes of these structures strike towards 020 0 0960  (average towards 0400).  Identical small 
displacement structures are also exposed at localities 6, 7 and 8 and have similar trends. At 
locality 9 these extensional structures are cut by palaeokarstic fissures and hence are of 
probable Eohellenic age (section 2.7). The strike of these fault planes is very similar to the 
strike of the boudinage and pinch and swell structures developed at locality 6. The two 
features are probably related. If these features are indeed S-C structures then they record 
shear in a SE-NW direction. This trend ties in well with the stretching lineation (LI) 
developed in all the pre-Cretaceous lithologies (Fig 2.36), and the SE trending slickensides 
in serpentinites (Fig 2.40). The majority of these S-C structures imply movement towards 
the SE. No such extensional S-C fabric is developed in the overlying Cretaceous 
Transgressive Group. 
Thin section study of oriented samples supported this sense of shear towards the SE. Plate 
2.IB and 2.4C show two samples which have been cut parallel to the LI extension lineation 
direction. The S-C and sigmoidal fabric with tails around the lava clast in the centre of Plate 
2.4C both show a top to the right (dextral) shear sense. This is towards the SE. Sections 
cut perpendicular to the fold axis and lineation also show flattening and shear structures 
15:3 
Fig 2.40 Lower hemisphere stereographic plots of the plunge and trend of slickensides developed 
within serpentinite in the Anüssa region. The "tick' on these plots shows the direction of 
movement as deduced from slickenside "stepping" direction. Two trends are clear. One dominant 
set record movement towards the SE and appear to be cut by a later set which record movement 
towards the SW. Localities a to c are taken from outcrops in the vicinity of the road and railway 
junction (GR 521 471, Fig 2.36), localities d to f are taken from an uphill traverse from east to 
west, west of Drossia (GR 519 478). 
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Fig 2.4 Ia Lower hemisphere stereographic plots of 
Eohellenic folds from the Arnissa region (localities 
I & 2 of Fig 2.36). 
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Fig 2.4 lb Lower hemisphere stereographic plots of 
fault planes in the Arnissa region which define a 
well developed S-C extensional style fabric. This 
fabric shows a predominant sense of shear towards 
the SE which would appear to tie in with the 
observed slickenside data in Fig 2.40. Poles to 
bedding are also plotted. Localities relate to those 
shown on Fig 2.36. 
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(?Tertiary), but not as prolifically developed as those cut parallel to the fold axis and 
lineation. 
2.5.4 Mesoscale folds - Kato Grammatiko region 
The type section of the KGF (Fig 2.10) offers good outcrops for structural study. The 
structures in this region were described by Vergely (1984), who attributed SE trending 
(13001650, average of 1500),  SW verging folds associated with a pronounced axial parallel 
lineation to the Eohellenic phase. SW verging Tertiary folds are also present, and trend 
towards the SE (14001200,  Fig 2.42a). These folds are also associated with an axial parallel 
lineation. Distinguishing between Eohellenic and Neohellenic structures in this section is 
hence extremely difficult. Vergely suggested that the Tertiary (Neohellenic) folds refold the 
earlier formed Eohellenic (JE1) lineation, although this is only locally clear on the more 
favourable outcrops (Fig 2.42a). No obviously refolded folds were encountered. On the 
basis that the majority of observed folds refold the Eohellenic lineation it would appear that 
the majority of structures exposed in this section are of Tertiary age. These folds are 
clearly related to reverse faults of Tertiary age which cut out and repeat the stratigraphy (Fig 
2.10). 
Exposures of the KGF east of the main Edessa-Ptolemaida highway within interbedded 
schists and radiolarite reveal spectacular M & W folds trending towards 125° which are 
associated with a pronounced axial parallel lineation (Fig 2.42b). These folds are probably 
of Eohellenic age and are identical in style to M & W folds described by Vergely from the 
Arnissa region (see Fig 2.38a). 
2.5.5 Eohellenic (JE1) macroscale folds? - Messovounon and Ayios Dimitrios 
Macroscale fold structures (i.e. km scale) attributed to the JE1 Eohellenic deformation were 
described from the Messovounon and Ayios Dimitrios regions by Pichon (1976) and 
Vergely (1984). The structure of the Messovounon region, and indeed of the entire western 
Vermion, is picked out by the fold and thrust repetition of the schists and ophiolitic 
lithologies which occur at the top of the platform sequences (Figs 2.9 & 2.37). The structure 
of the Messovounon region is best explained by a macroscale SW verging fold which has 
been subject to fracture and thrusting on its inverse limb (Fig 2.43). It is extremely difficult 
to conclude if this structure initially developed during the Eohellenic deformation, as it has 




Fig 2.42b Lower hemisphere stereographic plot of 
Eohellenic M & W folds preserved in ribbon 
bedded radiolarite and schists exposed east of the 
main Edessa-Ptolemaida highway just before the 
Kato Grammatiko junction. 
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Fig 2.42a Lower hemisphere stereographic plots of 
the Eohellenic lineation exposed in the Kato 
Grammatiko region. This lineation is clearly 
refolded by Tertiary SW verging folds as also 
identified by Vergely (1984, see sketch). The 
similarity in trend of the Eohellenic and Neohellenic 
(Tertiary) structures in this region thus make it 
difficult to confirm the presence of SW verging 
Eohellenic structures as suggested by Vergely 
(1984). 
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repetition of the KMF, KGF, APBM and ophiolitic lithologies all along this side of Vermion 
can in part, if not entirely, be related to Tertiary folding and thrusting. 
The Messovounon macroscale fold structure is well exposed along the road between 
Messovounon and Reis Tsifliki. In this region fenstral marbles of the KMF east and south 
east of Messovounon are in thrust contact with the lower limb of this regional scale, SW 
verging, fold, which locally results in serpentinite and ophiolitic arenites and mudstones of 
the Pelagonian Ophiolitic Nappe resting with a tectonic contact directly on fenstral marble 
(Fig 2.43). This tectonic contact is particularly well seen following a subsidiary road 
towards the SE off the main Messovounon-Reis Tsifliki road which follows the line of the 
schists and ophiolitic lithologies. This same band of schists strikes southwards to Kastro 
Rema and northwards to the Ayios Anaryroi road. Shear structures (S-C and asymmetric 
rotated clasts) parallel to the Eohellenic lineation in this band suggest shear towards the 
SE (Plate 2.4C). Above this contact the sheared inverse limb of the fold exposes cherty 
carbonates of the KGF which pass rapidly (locally tectonically) into fenstral and sugary 
marbles of the KMF. Lithologies of the KMF persist uphill as far as Reis Tsifliki, and 
appear to be on the inverse limb of the same macroscale fold. The normal limb of this fold is 
thrust out, again resulting in ophiolitic lithologies thrusting directly across strongly 
deformed marbles of the KMF in the vicinity of Reis Tsifliki col. The pronounced stretching 
lineation (towards 1500)  is again picked out by elongated limestone clasts within debris 
flows of the BSM at the base of the ophiolitic exposures throughout this region (e.g. locs 13 
& 16, Fig 2.37). Structurally overlying the ophiolitic lithologies in the Reis Tsifliki region 
are strongly deiormed cherty carbonates of the KGF. Structural analysis of these carbonates 
found that they were undoubtedly deformed by the Eohellenic deformation, and hence do 
not belong to the Mavri Rakhi Formation as suggested by Pichon (1976). Figure 2.44 shows 
detailed stereographic plots of observed folds in these carbonates. The earliest formed 
structure is clearly the pronounced stretching lineation (LI) trending towards 1500.  This 
stretching lineation is parallel to mesoscale folds picked out by replacement chert. These 
folds show an asymmetry towards the SW in the vicinity of the Reis Tsifliki Col and 
asymmetry towards the NE in exposures south of the col. These folds (Fl) and lineation 
(LI) are refolded by NE plunging and trending folds (average of 15-032°) which are brittle 
in style (box to kinks) and locally result in complete brecciation of the cherty marbles (Fig 
2.44). These folds undoubtedly verge towards the NW and are associated with reverse faults 
which also have a displacement towards the NW. The strike of these reverse faults and 
second set of fold axis are similar to the strike of the reverse faulted contact between the 
fenstral marbles and ophiolitic lithologies exposed SE of Messovounon. 
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Fig 2.43 Sketch section of the Messovounon-Reis Tsifliki region (viewed from Psila Livadia ridge to the north, see also Fig 2.9). The 
structure in this region is best explained by a macroscale fold which has been subject to fracturing and thrusting on its inverse limb. 
The lower limb of this structure is marked by a major thrust contact between strongly deformed fenstral marbles of the KMF and 
ophiolitic lithologies, which pass uphill into a sheared sequence of cherty marbles, schists and fenstral marbles (apparently in a 
structurally inverted position on the lower limb of the fold). In the vicinity of Reis Tsiuliki col this fold structure is cut by a major 
thrust contact to strongly sheared serpentinite, which are in turn thrust across by cherty niarbles of the KGF. Conglomerates of the 
LTF unconformably overlie these marbles. Pichon (1976) attributed the structure of this region to Eohellenic deformation, but data 
collected during the course of this study would suggest considerable Tertiary deformation (see Sections 2:5.5 & 2.9). 
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Fig 2.44 Lower hemisphere stereographic plots of structures developed within the 
thrust slice of cherty marbles exposed structurally above ophiolitic melange in the 
Reis Tsifliki region (see also Figs 2.9. 2.22 & 2.43). The development of the 
pronounced Eohellenic lineation (LI), associated with ductile folds (Fl). does not 
agree with the previous assignment of these lithologies to the Mavri Rakhi Fm, and 
they are here reassigned to the Kato Grammatiko Formation, The Eohellenic 
structures developed in these marbles are cut by brittle Tertiary folds, typically 
kink and box folds, which predominantly verge towards the NW. This Tertiary 
deformation appears to be related to large scale folding and thrust imbrication 
which developed in this region (see Sections 2.5.5 & 2.9). 
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The above described cherty carbonates of the KGF which tectonically overlie ophiolitic 
lithologies are unconformably overlain by Cretaceous conglomerates (Fig 2.22). Moving 
eastwards several up-thrust slices of cherty carbonates overlain unconformably by 
Cretaceous conglomerates are encountered in what appears to be a small imbricate zone (Fig 
2.43). This deformation and involvement of the Cretaceous conglomerates in the 
Messovounon structure confirms Tertiary compressional deformation in this region. The 
presence of tectonic blocks of Cretaceous conglomerate within the ophiolitic melange in the 
Reis Tsifliki region, the local thrust and plane of decoilment contact of deformed 
Cretaceous conglomerates over ophiolitic melange (e.g. extreme southern part of Reis 
Tsifliki region), and the thrust contact between conglomerates of the LTF with rudist 
bearing carbonates of the UTF further along the road towards Ano Vermion (section 2.9, Fig 
2.66, bc. 10) also confirm considerable compressional tectonism of Tertiary age. 
Several of the folds observed adjacent to this thrust contact trend towards 350° and clearly 
imply overthrusting towards the SW during the Tertiary. These folds are identical to the 
Tertiary folds described by Vergely (1984) from the Kato Grammatiko road section. 
An almost identical situation to that described above is developed in the Ayios Anaryroi 
region, with deformed cherty carbonates of the KGF sitting with a tectonic contact above 
ophiolitic lithologies (Figs 2.11 & 2.37). In this region the early formed folds and lineation 
have again been deformed by brittle deformation. The local thrusting of Cretaceous 
conglomerates over ophiolitic lithobogies during Tertiary deformation is also well 
developed. 
Hence, in conclusion, there is abundant evidence for the involvement of lithologies of the 
Cretaceous Transgressive Group in the macroscale structures exposed in the Messovounon 
and Ayios Anaryroi regions. Clearly all the lithologies older than the Cretaceous 
Transgressive Group have been subject to the penetrative Eohellenic JE1 deformation, as 
evidenced by the presence of the pronounced stretching lineation (L 1). However, the 
assignment of the macroscale fold and thrust structures to Eohellenic deformation appears 
unlikely as structures in the overlying Cretaceous and younger lithobogies also show 
evidence of large scale SW verging thrusting and imbrication compatible with the 
large-scale structures in the older lithobogies. Thrusting of the KGF over the ophiolitic 
lithobogies could be related to either Eohellenic or Neohellenic deformation. Baumgartner 
(1985) describes similar imbrication of deep-water carbonates over ophiolitic melange 
during the Eohellenic deformation in the Argolis region, for example. Neohellenic 
deformation is favoured here, however, based on the following rationale. Conglomerates of 




conglomerates of the LTF which were deposited unconformably over the Pelagonian 
Ophiolite Nappe underwent metamorphism and deformation and decoilment (well exposed 
in the Vretina, Kinotafion and Ayios Dimitrios regions, Figs 2.11, 2.21 & 2.23, see also 
section 2.9 for a full discussion), with thrust decollmont occurring between the two units. 
Conglomerates which were deposited over the KGF (e.g. Reis Tsifliki region and locally in 
the Ayios Anaryroi region) were essentially "buffered" from this metamorphism, with 
lithologies of the KGF thrust over the ophiolitic lithologies (Figs 2.11, 2.22 & 2.43). The 
KGF-LTF contact is hence preserved relatively undeformed in this region. 
In the Psila Livadia region, between Ayios Anaryroi and Reis Tsifliki (Fig 2.9), completely 
recrystallised klippes of Cretaceous limestones are possibly developed (the degree of 
deformation present in these lithologies makes it impossible to confidently assign a 
Cretaceous age) and again confirm Tertiary thrusting and decoliment over the ophiolitic 
lithologies resulting in folding of the underlying sequences. 
In the Ayios Dimitrios region Vergely (1984) described a macroscale fold of similar 
dimensions to the Messovounon structure (Fig 2.23), which infolds ophiolitic lithologies 
(predominantly melange) to occupy the core of a recumbent syncline. This structure verges 
towards the SW. Vergely failed to recognise that the contact between the serpentinite and the 
overlying Cretaceous Transgressive Group is a major thrust contact of Tertiary age in this 
region and that the mesoscale fold clearly developed during the Tertiary in response to this 
overthrusting (section 2.9). This situation is obviously similar to that described above from 
the Messovounon region. The Tertiary age of this structure would explain the cross-cutting 
schistocity which is developed on the inverse limb of the fold attributed by Vergely to a 
second phase of Eohellenic deformation (JE2). The presence of the Eohellenic (JE1) 
deformation is clearly recorded in all lithologies underlying the Cretaceous LTF by the 
stretching lineation (LI) which consistently trends SSE-NNW (average of I 50°). Boudins 
and folds associated with the JE1 event are all clearly refolded and deformed by the Tertiary 
deformation in this region (Plate 2.24A). A detailed analysis of the structural evolution of 
the Ayios Dimitrios region is presented in section 2.9. 
2.5.6 Eohellenic and older transverse faults? 
Large-scale transverse faults are widely developed in the study area and might have first 
formed during, or prior to, Eohellenic deformation, although this is difficult to prove as they 
have moved subsequently during both Neohellenic and Neotectonic deformation. Typically 
different structural levels are exposed either side of these transverse structures (well 
developed along the line of the Kastro Rema and west of Kinotafion for example, Fig 2.9). 
With regard to the Pelagonian zone of northern Greece as a whole, several regionally 
significant transverse structures which developed prior to the deposition of the Cretaceous 
Transgressive Group, and probably prior to the Eohellenic deformation are recognisable. 
Perhaps the most conspicuous are the faults which bound the Vourinos Ophiolite and the 
Nission and Kato Loutraki Faults in the Kaimaktchalan massif (Fig 2.2). 
Vergely (1984) has suggested that the Vourinos ophiolite is preserved in a fault bounded 
depression (Figs 2.32a & 2.33b) and that these faults probably existed prior to the 
Eohellenic deformation. Work carried out during this thesis is in agreement with this 
hypothesis. That these faults persisted as major features into the Tertiary is confirmed by the 
distribution of sedimentary facies of the Late Jurassic and younger rocks (see Section 2.6). 
The southernmost of these faults, the Servia Fault, clearly marks the southern limit of the 
"Detroit de Kozani" of Brunn (1956). 
The northern limit of the Vourinos ophiolite also appears to be fault bounded (marked by a 
SW-NE trending valley south of Siatista, Fig 2.32b). This fault strikes north-eastwards 
roughly parallel the southern margin of the Vermion Nappe (Fig 2.2). Differing 
palaeogeographical conditions and ages of the Cretaceous transgression clearly developed 
north and south of this feature in the Vermion both in the Pelagonian zone and in the 
Almopias zone (unpublished data & Chapter Three) and hence this fault also appears to be a 
long-lived feature. Similar differing Cretaceous palaeogeography and ages of transgression 
are developed north and south of the Nission and Loutraki Faults of the Kaimaktchalan 
massif, with the Kaimaktchalan massif forming a fault-bounded high during the Cretaceous. 
Obviously the other significant long-lived faults of the study area are those which delineate 
the outcrop of the KGF between Mavro Rema in the north and Messovounon in the south, 
essentially delineating an intra-platformal basin (Fig 2.16). These faults are difficult to map 
out in detail following Neohellenic deformation. Inversion of this basin during the 
Eohellenic deformation is strongly suspected but difficult to conclusively prove, the KGF 
almost always found in a structurally "high" setting. Clift & Robertson (1990b) describe 
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similar inversion during Eohellenic deformation of intra-platformal basins within the 
Pelagonian platform of Argolis. 
All of the above described faults could possibly have initiated during Permo-Triassic rifting 
of the Pelagonian zone from Apulia. Similar long-lived faults have been described from 
elsewhere in Greece, for example the Gulf of Corinth probably follows the line of a Permo-
Triassic fault (Degnan 1992), as does the Sperchios Fault (Robertson et al. 1991). 
2.5.7 Deformation of the Pelagonian basement rocks of northern Greece - some 
comparisons 
As discussed in section 2.2.2, the basement rocks of the Kaimaktchalan massif have 
undergone identical deformation to the Pelagonian Marble Group and the Pelagonian 
Ophiolite Nappe. A pronounced NNW-SSE trending mineral lineation, parallel to the B-
tectonic axis of very rare isoclinal folds, essentially producing an L-S tectonite fabric is the 
typical manifestation of this deformation. The augen gneiss of Kaimaktchalan display this 
fabric particularly well, and are derived from the deformation of Carboniferous granites (the 
feldspar phenocrysts forming the augen which are elongated towards 1500,  Localities 8 & 9, 
Fig 2.35). The flat-lying foliation can be seen to deviate around these feldspar augen in the 
gneiss and around garnet in the garnet-mica schists, although the augen and garnets are 
clearly sheared out in the direction of LI (i.e. in a NW-SE or NNW-SSE direction). Sfeikos 
(1991, 1992) concluded, similarly, that the gneisss of north Thessaly were derived from 
Carboniferous granites following Eohellenic deformation, as did Yarwood and Aftalion 
(1976) in the high Pieria and Nance (1981) in the Livadia region (Fig 2.2 & section 2.2.3). 
Yarwood (1978) went on to conclude that the primary bedding parallel, foliated and lineated 
fabric and deformation of the high Pieria was produced during Alpine deformation 
(120±3my), coeval with regional metamorphism and major thrusting in a terrane consisting 
of both sedimentary or meta-sedimentary rocks and a mass of Carboniferous granite (the 
Pieria granite and associated bodies). Nance (1981), Frost (pers. comm. in Yarwood 1978) 
Barton (1976) and Ferrière (1973) reached almost identical conclusions from their work in 
the Livadia, Olympos and Pilion mountains of the Pelagonian zone respectively. Subsequent 
workers (e.g. Schemer 1990, 1993 in the Olympos region and Doutsos et al., 1993 between 
the Kranea window and Olympos) also reached similar conclusions. All these authors 
believe that the first-formed foliation (i.e. Eohellenic) in this part of the Pelagonian zone 
(essentially south of the Aliakmon river) is characterised by isoclinal to similar folds which 
show extreme thinning of the limbs and a pronounced axial parallel stretching lineation 
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towards 045°-065° (i.e. NE-ENE). This lineation represents the main shear and transport 
direction, as revealed by detailed studies of quartz and feldspar elongation's parallel to fold 
axis, S-C fabrics, asymmetrical augen and pressure shadows (Yarwood 1978, Nance 1981, 
Schermer 1993 and Doutsos et al., 1993). The parallelism between Fl folds and the 
pronounced lineation (LI), and the inconsistent vergence of Fl folds suggests that the folds 
may have formed or been rotated parallel to the transport direction (Nance 1981, Schermer 
1993). This deformation was associated with greenschist to amphibolite facies 
metamorphism at higher structural levels and blueschist to greenschist facies at lower levels 
(Schermer 1993). Radiometric dating of this deformation gave the following ages: 
I 19±3my, I 16±5my from granites in the Pieria region and 101±3my from augen schist from 
the Infrapierien unit (Yarwood & Dixon 1977), 124±4my, 123±1lmy from mylonitic 
Pierian granites south of Olympos (Barton 1976), 98±2my, 100±2my from the Infrapierian 
unit (Schermer et al. 1990). The sense of shear of this first Eohellenic deformation remains 
contentious. Godfriaux & Ricou (1991) and Schermer (1993) suggests thrusting and 
shearing towards the S or SW, whilst Yarwood & Dixon (1977), Nance (1981), Barton 
(1976) and Doutsos et at., (1993) suggests shearing and overthrusting towards the NE. 
Clearly the style of Eohellenic deformation which has affected the Pelagonian zone south of 
the Aliakmon is very similar to that suggested for the Vermion, Arnissa and Kaimaktchalan 
regions during the course of this study (i.e. with shear and maximum transport parallel to the 
stretching lineation and rotation of folds to parallel this lineation) but the trends and age 
data appear to differ. South of the Aliakmon the pronounced lineation (LI) trends NE-SW 
or ENE-WSW in contrast to NW-SE or NNW-SSE trends north of the Aliakmon. South of 
the Aliakmon radiometric dating suggests a Lower Cretaceous (between 120-100my) age 
of deformation whilst undeformed cover sediments north of the Aliakmon give Late 
Jurassic (Kimmeridgian to defiantly Tithonian) ages. These differing trends and ages of 
deformation of the Pelagonian zone of northern Greece appear to change roughly along the 
line of the Servia Fault. 
2.5.8 Summary and conclusions 
As has been shown in the preceding sections, establishing the kinematics of the Eohellenic 
(JEI) deformation of the Pelagonian zone is extremely difficult. Fold asymmetry and 
vergence suggests either SW (Vergely 1984) or NE senses of overfolding and thrusting. 
This problem is not unique to the Pelagonian zone of the study area. Similar complications 
were encountered by other authors working on the Eohellenic structures beneath the 
Vourinos ophiolite. For example Vergely (1976, 1984) suggests that Eohellenic (JEt) folds 
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preserved beneath Vourinos give clear evidence of SW compression and thrusting, whilst 
Naylor & Harle (1976 working on the same outcrops) concluded that the Vourinos ophiolite 
was thrust towards the NE. The evidence does appear to be mounting, however, for the 
initial emplacement of the Vourinos ophiolite (and indeed the other major ophiolites of the 
Pelagonian and Sub-Pelagonian zones ) from the Pindos ocean which lay to the west of the 
Pelagonian zone (e.g. Robertson etal. 1991, Rassios 1991, Jones & Robertson 1991 Doutsos 
et al., 1993, Smith, 1994). With regard to the eastern Pelagonian zone of northern Greece 
litho- and tectono-stratigraphical data presented in the preceding sections (2.3 & 2.4) would 
favour derivation of the ophiolitic lithologies from the Pindos zone. The striking 
similarities between the 'foredeep' sequence developed beneath the Vourinos ophiolite to 
those in the Arnissa and Vermion regions in particular are taken as evidence that these 
ophiolitic bodies once formed part of a large Pindos derived ophiolite nappe. However, 
the style of Eohellenic deformation, and the evolution of the Almopias zone sequences, 
must also be taken in to account when addressing the origin of the Pelagonian Ophiolite 
Nappe, as outlined below. 
Evidence from this study would suggest that not enough attention has been paid to the 
significance of the penetrative stretching lineation (Li) associated with the Eohellenic 
deformation. The conflicting vergence directions displayed by Eohellenic folds did not yield 
conclusive evidence of SW or NE directed overthrusting, but shear criteria associated with 
the lineation point to a SE sense of movement. The data for this SE sense of shear 
presented here are admittedly limited as initial efforts concentrated on solving the 
conflicting fold vergence directions present in the area. Only at a late stage was the 
importance of the lineation realised. Future detailed work on shear criteria structures of the 
study area is hence needed to test this hypothesis. If this lineation does represent the main 
transport direction during the Eohellenic event then it clearly has important implications for 
any models of the evolution of the eastern Pelagonian and Vardar zones of northern Greece. 
It implies broad north to south movement of Eohellenic nappes along the eastern 
margin of the Pelagonian zone (i.e. essentially parallel to it). This suggests a strike-slip 
(dextral) component of Eohellenic deformation along this margin, possibly associated with 
deformation of the Almopias zone sequences and emplacement of ophiolitic lithologies. As 
will become clear in the following chapters, evidence for a strike-slip environment in the 
Almopias zone (particularly in the Late Jurassic-Lower Cretaceous) is clear. Other authors 
have also suggested some component of strike-slip deformation in this region, for example 
Mercier (1968, p558) identified "strike-slip striations" from exposures of the Pelagonian 
marbles in the Kato Loutraki region (the movement being parallel to the Eohellenic 
lineation). Brunn (1956), Braud (1967), Mercier (1968), Didelot (1970) and Vergely (1984) 
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have also pointed to the existence of a "zone de Broyage" (shear zone) in the Central 
Almopias zone. This shear zone strikes NNW-SSE (i.e. parallel to the edge of the 
Pelagonian zone and the Eohellenic lineation). Hence the possibility exists for deformation 
of the eastern margin of the Pelagonian zone in a transpressive environment during the 
Eohellenic deformation, possibly associated with ophiolite emplacement. Another point 
which must be taken in to account is the significance of the change in the age and trend of 
Eohellenic deformation and structures north and south of the Aliakmon River (and Servia 
Fault?). These problems are addressed again in Chapter Seven following discussion of the 
Almopias zone sequences. 
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PART FOUR 
Late Jurassic Transgressions 
2.6 The Mavri Rakhi Formation 
2.6.1 Introduction 
The Mavri Rakhi Formation (Pichon 1976, 1977) is in unconformable contact over the 
Pelagonian Ophiolite Nappe and is itself unconformably overlain by the Cretaceous 
Transgressive Group (Figs 2.3 & 2.4). Despite extensive sampling, only in the type area of 
Mavri Rakhi has a fauna of Late Jurassic-Lower Cretaceous affinities been identified 
(Pichon, 1976 & this work). The Mavri Rakhi Formation can hence only be dated by the 
constraining ages of the under- and overlying sequences. In this context it must be older 
than Albian-Cenomanian (oldest age of Cretaceous Transgressive Group), and younger than 
the ophiolites and Pelagonian Marble Group which it overlies (?Mid to Late Jurassic age for 
the ophiolites, section 2.4.7.3). A Late Jurassic-Lower Cretaceous age is thus probable for 
the Mavri Rakhi Formation. 
Pichon (1976) also worked on the transgressive cover to the Pelagonian Ophiolite Nappe in 
the Vourinos and Askion regions (Figs 2.2 and 2.46), as did Faugeres & Robert (1972), 
Brunn et al. (1972), and Mavridis et at. (1979, 1980). Brunn (1956), Faugeres & Robert 
(1972) and Brunn et at. (1972) dated the transgressive carbonates in the Vourinos region 
(Zygosti & Vigla) to be of ?Middle-Late Jurassic to Lower Cretaceous (?Aptian) age 
and to be unconformably overlain by Turonian, and locally Cenomanian, carbonates (Fig 
2.46a & c). Pichon & Lys (1976), Pichon (1976) and Mavridis et al. (1979) dated the 
transgressive cover to the Vourinos ophiolite in the Mikrokastron/Siatista and 
Langadhakia/Krapa regions to be of Kimmeridgian-Tithonian age. The 
LangadhakialKrapa section (Fig 2.46b) records predominantly slope facies carbonates (own 
observations, and Jones 1990) of Tithonian-Bemasian age, unconformably overlain by 
?Aptian-Albian to Cenomanian shelf carbonates, which are in turn overlain, with a marked 
discordance, by Cenomanian-Turonian neritic and shelf carbonates and conglomerates. The 
Mikrokastron/Siatista section is neritic in facies and records a continuos sequence from the 
Kimmeridgian to the Albian-Lower Cenomanian. Clearly then, in the Vourinos region, the 
first transgressive sediments over the Pelagonian Ophiolitic Nappe are of Late Jurassic 
(Kimmeridgian) to Lower Cretaceous (Aptian) age. Pichon (1976, 1977) suggested that 
these Late Jurassic sequences are the latteral equivalent of the Mavri Rakhi Formation 
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Fig 2.46a Schematic sections of the Pelagonian zone of northern Greece showing the position of Late Jurassic-
Lower Cretaceous (J.C.) carbonates (from Pichon 1976, see also Fig 2.2). 
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Fig 2.46b Pichons (1976) log of the. Krapa section. Hemipelagic carbonates (horizons 1, 2 & 3) Sit directly on 
radiolarites and lavas (R & w) of the Vourinos ophiolite in this section. Horizon 4 contains in-situ corline and 
algal limestone. These carbonates (of Tithonian-Berriasian age) are unconformably overlain by ?Aptian-Albian to 
Cenomanian shelf carbonates (horizons 7-14, 1'2), which are, in turn,overlain, with a marked discordance, by 
Cenomanian-Turonian neritic and shelf carbonates and conglomerates (horizon 15, T3). 
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Fig 2.46c Pichon's (1976) sketch of the Zygosti and Vigla region. Late Jurassic-Lower Cretaceous carbonates 























Fig 2.47 Sections of the Kato Granussatiko and Rein Tsifliki regions. The lithologies assigned 
to the Mavri Raklti Formation (MR.) in these sections by Pichon (1976) are here reassigned to 
the Kato Grammatiko Formation on the basis that they have been deformed during the 
Eohellenic (JEI) deformation. The two lower hemisphere stereographic plots are of the plunge 
and trend of the Eohellenic tineation in lithologies of the KGF, Pelagonain Ophiotite Nappe 
and in tithologies assigned to the Mavn Rakhi Formation. Clearly all these units have 
undergone the same deformation. The 'unconformity" described by Pichon (1976) from the 
Kato Grammatiko region does not exist. 
which occupies the same stratigraphic setting (i.e. above the Pelagonian Marble Group and 
Ophiolite Nappe and beneath the Cretaceous Transgressive Group, Figs 2.3 & 2.4). Data 
gathered during this work supports this correlation. 
During the course of this work, however, it was found that the Mavri Rakhi Formation had 
been misidentified by Pichon (1976) in a number of sections. For example, lithologies 
which Pichon (1976) mapped as the Mavri Rakhi Formation in the Kato Grammatiko region 
clearly belong to the Kato Grammatiko Formation (Fig 2.47 & sections 2.5.5 & 2.3.4.2). 
Lithologies assigned to the Mavri Rakhi Formation in this region have been deformed by 
the Eohellenic (JE1) deformation (Fig 2.47). The Mavri Rakhi Formation post-dates this 
deformation, and hence cannot possibly have been deformed by it. Also, as discussed in 
section 2.3.4.2, an angular unconformity described by Pichon (1976, 1977) between what he 
maps as the Pelagonian Marbles and the Mavri Rakhi Formation does not exist (Figs 2.10 & 
2.47). A similar situation is developed at Agio Anaryroi and Reis Tsifliki. At these two 
localities cherty carbonates are in tectonic contact above the Pelagonian Ophiolite Nappe 
(Figs 2.9, 2.11, 2.22 & 2.47, section 2.5.5). Pichon (1976) assigned these lithologies to the 
Mavri Rakhi Formation, but structural data would suggest that these lithologies are actually 
slices of the KGF which were imbricated above the Pelagonian Ophiolite Nappe during Eo-
or Neohellenic deformation. 
By far the bigger problem, however, is the failure of Pichon (1976), Bijon (1982) and 
Vergely (1984) to recognise that the Pelagonian Ophiolitic Nappe has been the site of 
considerable thrust imbrication during Tertiary (Neohellenic) deformation. This thrust 
deformation resulted in metamorphism of the over-and underlying lithologies, most notably 
the basal 20-30m of the Cretaceous Lower Transgressive Group. The resulting deformed 
conglomerates and carbonates were wrongly assigned to the Mavri Rakhi Formation by 
Pichon (1976) and Vergely (1984). This widespread deformation during the Tertiary 
along the serpentinite horizons within the Pelagonian zone and deformation of the 
Cretaceous transgressive carbonates has, until now, gone unrecognised. This is probably 
the single most important feature of the Tertiary tectonic evolution of the Pelagonian 
zone in the Vermion region. It clearly modifies the view that the upper parts of the 
Pelagonian zone behaved as a coherent nappe during Neohellenic deformation. The 
importance of this observation is discussed in section 2.9.4. 
When this Tertiary deformation is taken in to account all lithologies assigned to the Mavn 
Rakhi Formation by Pichon (1976) south of Kato Grammatiko, as far as the Kastro River 
(Fig 2.9), were found to be deformed conglomerates and carbonates of the Cretaceous 
171 
Transgressive Group. For example, in the Kinotafion region (Figs 2.11 & 2.21), the low line 
of crags which unconformably overlie ophiolitic lithologies were mapped by Pichon (1976) 
as the Mavri Rakhi Formation. In fact, the crags comprise deformed conglomerates of the 
Cretaceous Lower Transgressive Formation. The contact of the conglomerates over the 
ophiolitic melange is clearly tectonic. This deformation, of Early Tertiary age, has resulted 
in the dynamic metamorphism and deformation of the basal 20-25m of the conglomerate, 
and can be seen to die out progressively uphill away from the thrust contact. An almost 
identical situation is encountered in the VretinalAtzesana and Veria regions (Figs 2.11 & 
2.67). 
Between the Kastro River and Metallia, the Cretaceous Transgressive Group has undergone 
limited deformation and metamorphism. In this region the Cretaceous Transgressive Group 
essentially forms a passive roof thrust or plane of décollement to the underlying Mavri 
Rakhi Formation and Pelagonian Ophiolitic Nappe. Between Soumala (spot height 1302m) 
and Mavri Rakhi a series of cherty carbonates can be mapped to overlie the Pelagonian 
Ophiolite Nappe and underlie the Cretaceous Transgressive Group (Fig 2.9). Hence, in this 
region a case can be made for the existence of the Mavri Rakhi Formation. These sequences 
are described in section 2.6.2. 
South of Mavri Rakhi the Cretaceous Transgressive Group sits unconformably on the 
Pelagonian Ophiolite Nappe, although local Tertiary deformation and metamorphism was 
encountered. This is particularly well developed in the AkrinilAyios Dimitnos and 
KoumarialXerovouni regions (Figs 2.15 & 2.48). Both Pichon (1976) and Vergely (1984) 
wrongly assigned deformed conglomerates and carbonates of the Cretaceous Transgressive 
Group to the Mavri Rakhi Formation in these regions. As Figure 2.48 shows, what has been 
identified as the Mavri Rakhi Formation in these regions consists of interbedded red-bed 
and littoral conglomerates and neritic carbonates (locally Orbitolina sp. -bearing). These 
lithologies are deformed and metamorphosed where they are in tectonic contact over the 
ophiolitic units, but this deformation progressively dies out up section and a gradational 
passage to undeformed lithologies is developed. Hence, only in the type area of Pichon 
(1976) is there cJear evidence for a transgressive cover to the Pelagonian ophiolite 
during the Late Jurassic prior to the deposition of the Cretaceous Transgressive 
Group. This locality is now described in detail. 
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Fig 2.48 Sections from the Akrini and Koumana regions of the southern Vermion. Pichon (1976) and Vergely 
(1984) wrongly assigned deformed sediments which overlie ophiolitic lithologies in these regions to the 
Mavri Rakhi Formation (M.R.). These sediments are here reassigned to the Cretaceous Lower Transgressive 
Group and are of Albian-Cenomanian age. The deformation which effects them is of Tertiary age. The 
difference in facies to the Krapa section is clear (the Vermion sections comprising red-bed conglomerates and 









Reis Isifliki A 
AKRINI SECTION 
Akrini 
gradual & normal transition to less 
deformed caic schists & congs of 
Albo—Cenomaflian age 
Mm 
calc schist & platy 1st 
conglomerate 
LU càlc arenite 





KRAPA / VOURINOS 









j red bed conglomerate 
strong sO A  elongation 





2.6.2 Mavri Rakhi Formation - type locality 
The Mavri Rakhi Formation takes its name from the highest hill SE of Komninon (spot 
height 1213m, Figs 2.9 & 2.49). East of this region Pichon (1976) mapped several outliers 
of cherty carbonate to unconformably overlie ophiolitic lithologies (e.g. spot height 1210m, 
Figs 2.9 & 2.49, Plate 2.9A). On the published IGME 1:50 000 Piryoi sheet this knoll is 
incorrectly mapped as an outlier of Late Cretaceous limestone. 
The base of the Mavri Rakhi Formation is often marked by a tectonic contact in this region 
due to décollement during Tertiary deformation. Despite this, a originally depositional and 
para-autochtonous contact is locally preserved, with approximately 20m of interbedded 
green arenites, cherts and mudstones marking the contact to the ophiolites and passing 
gradationally up section into 30m of thin-bedded cherty carbonates (Fig 2.15, log 3). The 
basal arenites comprise rounded clasts of poly-and monocrystalline quartz, plagioclase 
feldspar, rare carbonate grains and muscovite mica, set in a matrix of chlorite and 
microcrystalline quartz. The overlying cherty carbonates are predominantly sparse to packed 
biomicrites, rich in a pelagic microfauna of recrystallised radiolarians, calcispheres 
(?Calpionellids) and thin-shelled bivalves (Plate 2.8A & B). Rare echinoderm and shell 
fragments are also present, as are areas of extensive bioturbation. Calcite veining of these 
micrites is pronounced and is seen to cut across early diagenetic bedding-parallel 
replacement chert. Eastwards, and stratigraphically up section, these lithologies are 
unconformably overlain by laterites, red-bed conglomerates, rudist reefal limestones and 
littoral to shelf facies of the Cretaceous Transgressive Group (Figs 2.15 & 2.49). No 
evidence was encountered to suggest that the above described cherty carbonates have been 
effected by Eohellenic deformation (JE1 or JE2). 
Moving NNE towards the saddle between Soumala (1303M) and Koslouki (1366M, Fig 
2.9), a series of imbricates of interbedded cherty carbonates, chloritic schists and 
radiolarites are exposed. These carbonates are stratigraphically above the Pelagonian 
marbles and ophiolite but below the Cretaceous Transgressive Group. This is well seen 
working south-eastwards up the river section 300m south of the small church of Profitis 
Illias (Fig 2.9 GR 499 344, & Fig 2.15, log 2). Again, no evidence for Eohellenic 
deformation of these lithologies was encountered. 
Despite extensive sampling, no age diagnostic fauna were forthcoming from the above two 
described localities. Recrystallised radiolarians are visible in thin section, as are thin-shelled 
bivalves (?pelagic Pelecypods or Posidonomya fragments, Plate 2.8A & B) and ostracods. 
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FIG 2.49 Detailed map of the Mavri Rakhi region 
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The calcispheres have affinities with Calpionellids. Pichon (1976) tentatively identified an 
Aptychus fragment from one sample in the type section. Aside from this, as Pichon also 
observed, the lithologies from this locality are typical facies of slope to basinal Calpionellid 
type carbonate turbidites, and are directly comparable to facies in the Vourinos region. 
The criteria for the recognition of the Mavri Rakhi Formation in the type region is hence 
three-fold, as described below: 
The cherty carbonates are encountered above, and imbricated with, the Pelagonian 
Ophiolitic Nappe, and show no evidence of having been deformed by the Eohellenic 
(JE1) event. Hence their deposition must post-date this deformation. 
They are unconformably overlain by red bed, conglomeratic and fossiliferous neritic 
facies of the Cretaceous Transgressive Group. Hence they must pre-date this group. 
They are the facies equivalent of the cherty "Calpionnelid" limestones of the 
Langadhakia region of Vourinos. 
This last point is significant, as clearly where the Mavri Rakhi Formation has been wrongly 
identified as deformed Cretaceous lithologies, these lithologies have been of red-bed 
continental to littoral facies, and not cherty basinal "Calpionnelid" limestones. Such 
red-bed facies are not developed in the Late Jurassic-Lower Cretaceous sequences of the 
Vourinos and Askion regions. Rather, the transgressive cover to the ophiolites in the 
Vourinos and Askion regions are of predominantly open-marine upper slope, to basinal 
facies and rest directly upon the upper levels of the ophiolite. 
2.6.3 Late Jurassic transgressions or deep-water cover? 
Following emplacement of the Pelagonian Ophiolite Nappe, most authors suggest that the 
Pelagonian zone was uplifted and eroded prior to Mid to Late Cretaceous transgressions 
(e.g. Brunn 1956, Mercier 1968). However, the recognition of Late Jurassic-Lower 
Cretaceous marine sediments above the ophiolite obviously alters this view. Pichon (1976) 
describes the Mavri Rakhi Formation to be in transgressive and unconformable contact over 
the Pelagonian Ophiolite Nappe, hence raising the question as to whether the Pelagonian 
zone was uplifted and eroded prior to this transgression?, or do these sediments represent a 
deep-water, post emplacement, cover to the ophiolites? 
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Pichon (1977) concluded that the ophiolites were greatly eroded and uplifted in the eastern 
Pelagonian zone prior to the deposition of the Mavn Rakhi Formation, but that this erosion 
was not associated with red-bed or lateritic weathering. This conclusion is odd considering 
that numerous sections assigned by Pichon to the Mavri Rakhi Formation have red-bed 
deposits at their base (e.g. Akrini/Ayios Dimitrios and XerovounilKoumaria regions, Figs 
2.11, 2.15 & 2.48). However, all these sections have been shown to belong to the 
Cretaceous Transgressive Group. Once this is taken into account, no sections of the 
Mavri Rakhi Formation show red-bed deposits or conglomerates at their base. 
In the type area, the Mavri Rakhi Formation is typically tectonically detached from, and 
thrust over, the ophiolitic lithologies. Despite this, no evidence was forthcoming for the 
development of lateritic or continental red-bed lithologies at the base of the formation. 
Also, the Mavri Rakhi lithologies immediately overlying the serpentinite are of a deep-
water facies association (interbedded arenites, mudstones and local radiolarites, passing up 
into radiolarite-bearing carbonates, with abundant replacement chert). 
A similar situation is documented from the Siatista, Krapa and Zygosti regions (see above). 
At these localities, however, the Late Jurassic-Lower Cretaceous carbonates sit with a 
minor angular discordance directly on the uppermost levels of the Vourinos ophiolite 
(i.e. radiolarite or lava, Fig 2.46b & 2.48). These carbonates are of slope to basinal facies. 
An almost identical cover sequence to emplaced ophiolites is also developed in the Mirdita 
zone (Pindos equivalent) of Albania (A. Robertson, pers. comm, 1994). 
It hence appears that the Late Jurassic-Lower Cretaceous cover to the Pelagonian Ophiolitic 
Nappe in the Vourinos region was fully marine, and was not preceded by a subaerial 
unconformity. This is best explained in terms of the Pelagonian Ophiolite Nappe being 
emplaced over the Pelagonian platform in a relatively deep-marine environment, with the 
Pelagonian platform subsiding as the ophiolite over-rode it (section 2.4.7). This widespread 
subsidence of the Pelagonian platform probably reflects that the Pelagonian zone is a small 
stretched micro-continental fragment rather than the main Apulian margin, and hence was 
more susceptible to foundering and subsidence beneath the ophiolite. This deep marine 
environment persisted in the Pelagonian zone after emplacement, with the Late Jurassic-
Lower Cretaceous carbonates representing the resumption of carbonate sedimentation, 
albeit basinal, after ophiolite emplacement. 
In the Vermion region the Mavri Rakhi Formation represents a similar deep-water cover to 
the Pelagonian Ophiolite Nappe. However, it does not sit directly on the upper levels of the 
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ophiolite. Rather, it sits upon ophiolitic melange and large slabs of dunite, serpentinite and 
harzburgite. This can be explained in three ways: 
A coherent ophiolite nappe was not emplaced in the study area, and the ophiolitic 
melange represents the leading edge or fore-deep of the nappe, which was then covered by 
deep-water carbonates soon after emplacement. Jones (1990) describes a similar situation 
from the Pindos ophiolite, with ophiolitic melange locally depositionally overlain by Lower 
Cretaceous pelagic sediments. 
A complete ophiolite nappe was emplaced and largely eroded prior to the deposition of 
the Mavri Rakhi Formation. Syn-emplacement andlor subsequent faulting of the emplaced 
and eroded ophiolite resulted in rapid subsidence and deposition of the Mavn Rakhi 
Formation, with no intervening continental deposits deposited. 
The Pelagonian Ophiolite Nappe underwent thrust imbrication during emplacement, with 
different structural levels exposed in a sub-marine environment which were subsequently 
covered by Late Jurassic limestone's. 
The pervasive Eohellenic deformation and metamorphism which affects the eastern 
Pelagonian zone favours the latter two theories, i.e. deformation of the region associated 
with the emplacement of a large ophiolite nappe. 
Comparison with the Late Jurassic-Lower Cretaceous cover sequences in the Vourinos 
region reveal the local development of neritic carbonates. Interval 4 of Pichon's Krapa 
section (Fig 2.46b), for example, reveals in-situ reef limestones within what, otherwise, is a 
monotonous series of slope to basinal redeposited carbonates. Similarly, the 
Mikrokastron/Siatista section of Mavridis et al. (1979, 1980) is predominantly in neritic 
sediments. The Late Jurassic-Lower Cretaceous palaeogeography is thus more complex 
than it initially seemed. Possibly pre-existing fault-bounded highs and lows within the 
Pelagonian platform, as described in section 2.5.6, persisted into the Late Jurassic-Lower 
Cretaceous, and hence controlled the resulting facies distribution and level of erosion of the 
ophiolitic nappe. Vergely (1984) suggested that these pre-existing fault lines preferentially 
preserved the Vourinos Ophiolite in a fault bounded trough. The predominance of Late 
Jurassic-Lower Cretaceous redeposited carbonates in the Vourinos (Krapa) region and 
neritic facies in the Mikrokastron/Siatista region might be a reflection of this, with the two 
sections separated by a NE-SW trending fault (Fig 2.32b). 
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It thus appears that the Pelagonian Ophiolite Nappe was broke up by extensional faulting 
during, or shortly after emplacement. The fault troughs remained the site of basinal 
sedimentation whilst the highs underwent subaerial erosion. Subsequent subsidence 
(apparently rapid) resulted in a unconformable cover of hemipelagic sediments (Mavri 
Rakhi Formation). This subsidence might be related to extensional collapse of the 
Eohellenic nappe pile (see below) or a Late Jurassic sea-level rise (Haq etal., 1987). 
2.6.4 Summary 
In conclusion, only in the vicinity of the type locality of the Mavri Rakhi Formation is a 
deep water cover of cherty "Calpionnelid" limestone to ophiolites present. No age 
diagnostic fauna were recognised from this locality, but the facies are similar to the 
Langadhakia section, and no evidence for the pervasive Eohellenic (JE1) deformation was 
forthcoming. This unit is also unconformably overlain by Cenomanian aged red-bed and 
littoral conglomerates and neritic carbonates. Hence, correlation with the Late Jurassic-
Lower Cretaceous carbonates of the Vourinos region is probable. All formations underlying 
these transgressive carbonates underwent pervasive deformation and metamorphism 
(Eohellenic, JEI event of Vergely, 1984) prior to this transgression (section 2.5). The Mavri 
Rakhi Formation is thus a crucial marker horizon for dating the deformation of the 
Pelagonian zone of northern Greece. 
2.6.5 A second phase of Eohellenic deformation? 
Both Pichon (1976) and Vergely (1976, 1984) concluded that the Mavri Rakhi Formation, 
and all the underlying formations, were subjected to a second phase of Eohellenic 
deformation, prior to deposition of the Cretaceous Transgressive Group. Vergely (1984) 
termed this second Eohellenic phase JE2 and suggested that it was related to emplacement 
of the Othris ophiolite eastwards onto the western margin of the Pelagonian continent. 
During the course of this study no evidence for this eastwards-verging deformation phase 
was encountered. Structures analysed from the Mavri Rakhi Formation in the Mavri Rakhi 
and Profitis Illias regions (Fig 2.9) were found to be west-verging and comparable to 
structures of Tertiary age developed in the overlying Cretaceous Transgressive Group (Fig 
2.50a). Similarly, the Late Jurassic-Lower Cretaceous carbonates of the Krapa region (cover 
to Vour'nos ophiolite, Figs 2.2 & 2.46) were subjected only to Tertiary deformation, 
locally resulting in décollement of the carbonates from the underlying Vourinos ophiolite. 
All these fold structures verge towards the SW and are identical in style to the SW-verging 
folds which have affected the overlying Cretaceous carbonates in this section (Fig 2.50b). If 
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the JE2 event of Vergely (1976, 1984) is related to "retrocharriage" of ophiolites eastwards 
due to obduction of the Othris ophiolite then this deformation should be prevalent in the 
western Pelagonian zone. This is not supported by structural observations from the 
Vourinos region. 
Other evidence which contradicts a second Eohellenic deformation event is that deformed 
carbonates assigned to the Mavri Rakhi Formation in the western Vermion by both Pichon 
(1976) and Vergely (1984) have repeatedly been shown to belong to the Cretaceous 
Transgressive Group (sections 2.5.5 & 2.6.1). The deformation which has affected these 
carbonates and conglomerates is clearly of Neohellenic (Tertiary) age (particularly well 
seen in the Ayios Dimitrios region, Fig 2.23 & section 2.9.5). 
On a larger scale, in the Pelagonian, Almopias and Paikon zones of northern Greece, 
sequences which are continuos from the Late Jurassic (Kimmendgian-Tithonian) to the 
Lower Cretaceous (Aptian-Albian) are preserved. Stratigraphic breaks are evident in these 
sequences, but these seem to be intraformational unconformities relating to changes in 
sedimentation as opposed to a widespread deformation. This conclusion is supported by 
structural studies (Chapters Three, Four & Six). 
As briefly mentioned above, perhaps the most significant tectonic event prior to (and 
during) deposition of the Late Jurassic-Lower Cretaceous carbonates and Cretaceous 
Transgressive Group was tectonic 'rebound" (isostatic uplift) of the Eohellenic nappe pile 
resulting in extensional faulting and erosion of the Pelagonian zone. Such extensional 
faulting probably exploited pre-existing structures (e.g. Servia and Nission Faults, as 
suggested by Brunn 1956 and Vergely 1984 for the development of the Detroit de Kozani) 
and hence to a large extent controlled the facies distribution of the transgressive sediments. 
Footwall derivation of marble and ophiolite lithologies to supply the conglomerates of the 
Cretaceous sediments of both the Pelagonian and Almopias zones is probably related to this 
extension (section 2.8 & Chapter Three). Doutsos et al. (1993) suggested the existence of 
large-scale extensional structures within the Pelagonian zone south of the Aliakmon which 
are of Lower Cretaceous age (lOOma). They relate these structures to tectonic unroofing of 
the Eohellenic nappe pile which then resulted in subsidence and transgressions in the 
Pelagonian zone. The markedly differing age of transgressions through out the Pelagonian 
and Almopias zone (Chapters Three & Four), and the differing leveP or erosion of 
basement lithologies either side of regionally significant faults (e.g. Nission fault) supports 
widespread extensional uplift following the Eohellenic deformation. Locally this uplift 
resulted in exposure and erosion of the metamorphic basement (e.g. Klissochori Unit, 
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Chapter Four). One previously undocumented effect of this uplift and erosion is the 







Fig 2.50a. Lower hemisphere stereographic plots of folds and reverse faults in the Mavn Rakhi 
and Profitis P 1 as region. Plots 1 & 2 (relating to localities 1 & 2 of Fig 2.49, respectivel,) are of 
Tertiary (Neohellenic) west-verging folds and associated reverse faults developed in serpentinite 
and schists (BSM) of the Pelagonian Ophiolite Nappe. Plots 3 & 4 are of the plunge and trend of 
folds developed within cherty carbonates and schists of the Mavri Rakhi Fm from the Knoll 
(1210m, Fig 2.49) and the Profitis illias section (Fig 2.15, log 2). These folds are of Tertiary age. 
No evidence for JE2,Eohellenic (Vergely 1984) structures was forthcoming. 
Fig 2.50b. Lower hemisphere stereographic plots of Tertiary folds 
from the Krapa section in the Vourinos region (see also Fig 2.46). 
The deformation which has effected the Late Jurassic and younger 
(Aptian-Turoman) carbonates in this section is identical and can be 
related to SW directed compression during the Tertiary 
(Neohellenic) deformation. This deformation locally results in 
ddcollement of the carbonates from the ophiolitic basement. This 
is the only deformation present in this section and no evidence of 
an earlier (JE2 Eohellenic) phase was forthcoming. • Poles to axial plane 
•Poles to bedding 
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2.7 Subaerial emergence of the Pelagonian zone during the Cretaceous 
2.7.1 Introduction 
Following emplacement of the Pelagonian Ophiolite Nappe, Eohellenic deformation and 
deposition of the Mavri Rakhi Formation, the Pelagonian zone underwent uplift and erosion 
under subaerial conditions. New data presented in this study shows that subaerial exposure 
resulted in the development of karstic weathering within the Pelagonian Marble Group. 
This period of emergence also resulted in the formation of laterites on top of the Pelagonian 
Ophiolite Nappe, and erosion of Late Jurassic-Lower Cretaceous carbonates (Mavri Rakhi 
Formation), the Pelagonian Ophiolite Nappe and the Pelagonian Marble Group. The nature, 
timing and formation of these features are described in this section for the first time. 
2.7.2 Evidence for karstic weathering of the Pelagonian Marble Group 
2.7.2.1 Kaimaktchalan massif 
Features attributable to karstic weathering of the Pelagonian Marble Group are widespred 
north of the Nission Fault, especially well exposed along track cuts north and north west of 
Tchouka (Figs 2.51 & 2.52). In this region the palaeokarst takes the form of in-situ breccia 
beds and intraformational conglomerates within bedded algal and sugary marbles of the 
KMF (Plate 2.7C). These breccia beds are best developed along joint and fracture zones 
within the marbles, and form spectacular fissure-fills to vertical solution features. The best 
example of this is preserved in the upper lOm of marbles in log 6 (Fig 2.51), which display 
vertical fissures filled by rounded and water-worn marble pebbles (Plate 2.7C). These 
fissures and fractures do not extend into the Cretaceous carbonates and are truncated along 
the contact. Hence, these fissures, and sediment fills, must have developed prior to the 
Cretaceous transgression and thus form a palaeokarst. These are the same exposures 
described as a 'tectonic breccia' by Mercier (1968, Fig 2.7b). 
"Jig-saw" marble breccias are also encountered at the base of solution features developed 
entirely within the marbles (i.e. solution pocket/cave deposits), and are overlain by 
laminated, buff and cream muds and marls, which drape the underlying breccia. 
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Redeposited carbonate and travertine are intimately associated with the upper levels of 
these solution features (Plate 23A). Small concentrations of bauxite were encountered in 
one fissure. Bauxite was also encountered along the unconformity surface to the overlying 
Cretaceous carbonates, forming abundant scree 200m west of log 4 (Fig 2.51). Presumably 
this accounts for the naming of this region as Kokkini petra, meaning red-rocks. 
Of interest, the individual marble clasts within the "jig-saw' breccias described above have 
the pronounced extensional lineation and cleavage which typifies all lithologies of the 
Pelagonian zone deposited prior to the Eohellenic deformation. This lineation developed 
prior to the brecciation event, as the lineation within the blocks is randomly oriented, 
truncated at the block edges, and does not extend into the enveloping buff and cream 
matrix, or into the overlying Cretaceous carbonates. Locally, however, sediments in the 
larger fissure-fills within the marbles do show a weak schistocity. The recognition of this 
later fabric within the fissure-fill sediments is clear evidence that the karstic features 
developed after the Eohellenic (JE 1) deformation, but prior to the Tertiary deformation. 
This hypothesis is supported by the complete absence of any palaeokarstic features within 
the transgressive Cretaceous carbonates. Also, the strongly etched white pebbles of the 
fissure-fills are commonly encountered along the base of the Cretaceous transgression, and 
form an important component of conglomerates of the Lower Transgressive Formation 
(more fully developed south of the Nission Fault, and probably derived to a large extent 
from erosion of the Kaimaktchalan massif which formed a fault-bounded high throughout 
most of the Cretaceous). 
That extensive karstic weathering developed in the Kaimaktchalan massif prior to the 
Cretaceous transgression is also confirmed by the presence of large, elongate, doline 
features within the KMF, well exposed in a forest-clearing 1.5km NW of Tchouka for 
example (Fig 2.6). This doline is up to 250m long and lOOm wide and locally shows a 
concentration of bauxite within it. Similar doline features are developed along strike (e.g. 
col between the twin summits of Tchouka, and 2.2km south of Tchouka, Fig 2.6). No such 
doline features are developed in the Cretaceous carbonates, confirming that they must have 
largely formed prior to the Cretaceous transgression. 
Marbles of the KMF exposed in the extreme north of the Kaimaktchalan massif in the 
region of the Kato Loutraki Fault also show extensive palaeokarstic features (logs 1, 2 and 
3, Fig 2.51). These marbles are very strongly jointed and fractured, particularly along fault 
strands where they display an internally cataclastic texture. The brecciated nature of the 
marbles along the faults has resulteu in advanced dissolution and karstic weathering. This 
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FIG 2.51 
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dissolution is prevalent in the KMF, with several of the fracture zones sealed by 
unfractured, unconformably overlying Cretaceous carbonates. This confirms Triassic-
Cretaceous movement and solution along the Kato Loutraki Fault (although Tertiary 
movement and solution breccias are also evident). Also, as can be seen from figures 2.6 & 
2.52, the thickness of the Pelagonian Marble Group is greatly reduced in this region due to 
deep erosion during the Cretaceous. 
2.7.2.2 Arnissa region 
In the Arnissa region, features attributable to the development of karstic weathering during 
the Cretaceous are also developed, but are modest in comparison to those developed in the 
Kaimaktchalan massif. This is probably due to the Kaimaktchalan area surviving as a fault-
bounded high into the Maastrichtian, hence undergoing prolonged subaerial exposure, 
whilst the Pelagonian zone south of the Nission Fault was submerged earlier by the 
advancing Cretaceous seas (Aptian to Santonian, section 2.8.3). Despite this, road and 
railway cuts in fenstral marbles south of Arnissa, and in exposures due east of Arnissa, 
preserve small karstic pockets identical to those described from the Kaimaktchalan massif. 
Typically these pockets are no more than 20cm across and 10cm high, but can reach up to 
lOm wide horizons of intraformational breccias and accompanying cave sediments. These 
pockets, and areas of marked dissolution, often take the form of vertical fissures, and 
probably parallel fault and joint features. In the smaller examples, the basal part of the 
solution pockets are marked by angular to rounded intraformational breccias, which are 
"draped" and overlain by dull brown to buff, laminated mudstones. Dog-tooth spar and 
rhythmic, laminated calcite and mudstone often parallel the roof of the pockets. 
The isolated lake front crag in cherty carbonates of the APBM south of Arnissa (bc 9, Fig 
2.36) is particularly interesting as regards the age of development of palaeokarstic fissures. 
At the southern end of this crag an angular, largely intraformational, breccia is encountered 
(Plate 2.7B). This breccia comprises angular clasts of marble set within a red mudstone 
matrix. The marble clasts display the Eohellenic (JEI) schistocity and penetrative 
deformation, but as with exposures in the Kaimaktchalan massif, this fabric is confined to 
the clasts and does not extend into the mudstone matrix. The orientation of the fabric is also 
random in the clasts in relation to each other, but uniform in the adjacent, unbrecciated 
marbles. Upon closer examination of the outcrop it is clear that well rounded and "etched" 
pebbles of marble are also present in the red mudstone matrix. These pebbles were 
undoubtedly derived from erosion of the Pelagonian Marble Formation, and underwent 
some sedimentary transport prior to being incorporated into the mudstone matrix. Quartz 
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and mica fragments are also present in the mudstone matrix. Again, as with similar 
exposures in the Kaimaktchalan massif, the red mudstone matrix displays a weak 
schistocity. It thus appears likely that brecciation and karstic weathering of the marbles 
after the Eohellenic (JEI) deformation is documented in this outcrop. This weathering is 
associated with, and followed by, red mudstone and marble-derived pebble infihls, which 
developed during the Cretaceous. The presence of mica and quartz in these infihls points to 
exposure and erosion of the ?Pelagonian basement at this time. 
One large pocket/solution hollow deposit (lOOm in diameter) of bauxite within marbles of 
the KGF was also identified NE of Drossia (GR537 496). This pocket is not well exposed, 
but it appears to fill a collapse (doline) feature in the marbles (c.f. Kaimaktchalan massiD. 
The edges of this doline are marked by jig-saw, intraformational conglomerates. These 
conglomerates are predominantly clast-supported and essentially in-situ, the matrix to the 
clasts consisting of proud-weathering bauxite and red mudstone. Upon closer examination 
of these fissure-fills the edge of the recrystallised marbles were found to be water-worn (i.e. 
smooth) prior to the deposition of several generations of coarse radial calcite and thin 
bauxite layers. The overlying sediments consist of bauxitic mudstone rich in ostracod, 
foram and rare shell debris (Plate 2.713). Rounded peloids and intraclasts of angular bauxite 
and marble are also evident in this horizon. Two bauxites from this locality were analysed 
by XRF (see below), and were found to be rich in A1203 and Fe203. 
Bauxite and limonite analysis; Arnissa region 
Bauxite Bauxite Limonitic mudstone 
Si02 12.46 12.90 66.23 
A1203 51.24 48.13 11.52 
Fe203 30.92 34.33 19.03 
TiO2 02.98 02.62 00.65 
CaO 00.00 00.00 00.58 
K2O 00.71 00.63 00.63 
MgO 01.53 00.68 00.50 
MnO 00.04 00.03 00.07 
P205 00.03 00.05 00.01 
Total 99.91 99.37 99.22 
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200-300m south of the above-described locality (GR537 490) pebbly limonitic mudstone 
rich in strongly-ribbed bivalves, high spiral gastropods and foliage fragments are 
encountered, as are conglomerates rich in quartz, mica, talc and chert, all of which are 
strongly iron stained. Local interbeds of poorly-sorted, iron-pan sandstone are also 
developed at this locality and are very rich in rounded, milky quartz. Several of the 
limonitic mudstones at this locality contain listric surfaces, sideritic and caliche concretions 
and root traces and are interpreted as seat earths. 
2.7.2.3 South of Arnissa 
Features attributable to karstic weathering were not widely encountered in the Vermion 
massif, although a notable exception was the Reis Tsifliki region. At this locality cherty 
marbles which tectonically overlie the ophiolitic melange are cut by vertical karstic fissures, 
up to 4m deep and Im wide (well exposed in cliff sections, Figs 2.11 & 2.22). These 
fissures are infilled by well-rounded marble conglomerates of the Lower Transgressive 
Formation, and occasionally preserve wholly intraformational conglomerates at their base. 
The unconformity to the overlying Cretaceous conglomerates is highly irregular, albeit 
extremely clean-washed and sharp. 
2.7.3 Laterites and red-beds 
South of the Kastro River the presence of in-situ and reworked lateritic deposits becomes 
common. Pichon (1976) noted that these laterites are predominantly in unconformable 
contact over ophiolitic lithologies, but also locally over the Mavri Rakhi Formation. This 
observation is of clear importance as it confirms that hot, tropical, subareal, weathering 
conditions affected the Pelagonian zone after deposition of the Mavri Rakhi Formation but 
prior to deposition of the Cretaceous Transgressive Group. This is also confirmed by the 
incorporation and reworking of red-bed clasts, bauxites, limonitic mudstones, laterites etc. 
in the basal sequences of the Cretaceous Transgressive Group throughout the study area. 
Such red-bed deposits are only found in abundance in the Vermion massif south of the 
Kastro Rema, which follows the line of a transverse fault (Fig 2.9). It is thus possible that 
this fault was active during the Cretaceous, with differing palaeogeographical conditions 
developed on either side of it. This is supported by a marked change in facies within the 
Cretaceous Transgressive Group either side of this fault (section 2.8.2). 
Where found in-situ (e.g. Mavri Rakhi region, Figs 2.49 & 2.15, log 2) these lateritic 
deposits typically comprise kidney red mudstones (locally with the iron content of the 
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mudstones concentrated in oolites as chamosite) associated with limonitic mudstones and 
cream dolomitic carbonates which sit directly upon strongly weathered serpentinite. The top 
20m of the serpentinite is typically weathered light green to white, and cut by a series of 
calcite veins. The laterites form 2-4m-thick lenses directly above the serpentinite. XRD 
analysis revealed a predominance of chlorite and hematite in the red bed mudstones, but 
goethite, siderite, chamosite and kaolinite are also present. 
In most sections the lateritic deposits show evidence for reworking in a fluvial, lagoonal 
and littoral environment prior to, and during, the Cretaceous transgression (e.g. Fig 2.54a). 
These reworked lithologies form the red-bed conglomerates which are often found at the 
base of the Cretaceous Lower Transgressive Formation (section 2.8). In the Mavri Rakhi 
region angular bauxitic and lateritic conglomerates are excellently exposed and sit directly 
upon much eroded serpentinites (Figs 2.49 & 2.15, Logs 2 & 3), and then pass up into red 
arenites and conglomerates rich in reddened Pelagonian Marble Group-derived clasts. That 
these red beds were reworked into a marine environment is confirmed by the presence of 
interbedded, rudist bearing, patch reefs in life position, and coquina horizons rich in broken 
rudist and oyster fragments (log 3, Fig 2.15). 
2.7.4 Summary and conclusions 
There is clear evidence that the Pelagonian zone was subject to tropical weathering in a 
subaerial environment during the Lower Cretaceous. Laterite and bauxite formation both 
require a climate with marked wet and dry seasonal variation. This seasonal variation 
allows leaching in the wet season and drying in the dry season when capillary action brings 
solutions containing the leached ions to the surface where they evaporate. In this way easily 
leached elements (e.g. sodium, potassium, calcium and magnesium) are removed, leaving a 
residue of either hydrated aluminium or iron oxides to produce bauxite or laterite, 
respectively. In reality, pure bauxites or laterites are uncommon, and hybrids of the two, 
often with a high clay content, are more typical. This is the case for the two analysed 
bauxites from the Arnissa region and the lateritic mudstones of the Mavri Rakhi region. The 
clay content of these samples most probably reflects some degree of sedimentary 
reworking. The oolitic bauxites associated with these deposits (e.g. Kaimaktchalan and 
Mavri Rakhi) probably result from reworking of these red-bed deposits into a lagoonal 
environment. Seasonal variations and high rainfall must also be evoked to produce the 
karstic scenery which developed in the Pelagonian Marble Formation, as of course, is 
marked uplift of the region (?related to extensional collapse of the Eohellenic nappe pile, 
section 2.6.4). The local presence of seat earths with associated caliche, sideritic 
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Small karstic solution pockets within fenstral marbles of the KMF. Note intraformational 
breccias at base of pockets and infill of laminated cream micrite in upper part of pocket 
(pencil for scale). 
Karstic fissure developed within cherty micntes of the APBM exposed in a isolated 
outcrop near lake front, Arnissa region (Loc 9 of Fig 2.36). All the angular marble blocks in 
the fissure posses the Eohellenic lineation (randomly oriented), confirming a post 
Eohellenic age of formation of this feature. The red mudstone matrix to the conglomerate 
contains water worn clasts of marble, aswell as mica and quartz (derived from the 
Kaimaktchalan Metamorphic Group?). The red mudstone matrix also displays a weak 
schistocity, attributed to Tertiary deformation (compass for scale). 
Close-up of intraformational solution pocket developed entirely within fenstral marbles 
of the KMF exposed in track cuttings near Tchouka, Kaimaktchalan massif. Such water 
rounded pebbles also form common clasts within conglomerates of the overlying 
Cretaceous Transgressive Group, confirming a pre-Cretaceous age of karstic weathering 
(pencil for scale). 
Thin section photograph of infill of one karstic pockets (NE of Drossia, GR537 496). 
The right side of the photograph shows fissured recrystallised marbles of the KGF overlain 
by radially laminated calcite and bauxitic clay. Note articulated ostroods, bauxitic 
mudstone intraclasts and globular foram fragment. Also note smooth water-worn nature of 




• p. 	 T--- 	£ -. 	 1_'. 
— 	 - 	 .e 	
1 
— 
- 	 - . 	






















2.8 The Cretaceous Transgressive Group 
2.8.1 Introduction 
Throughout Mediterranean Tethys the Cretaceous was characterised by widespread 
transgressions, typically associated with the development of thick carbonate platforms 
(Hancock & Kauffman 1979). Matsumoto (1977) estimated that up to 23% of the continents 
were affected by this transgression; the Pelagonian zone was no exception, with the entire 
zone subject to extensive transgressive deposits from Lower Cretaceous times onwards. This 
major transgression is represented in the study area by the development of a thick mixed 
carbonate-clastic sequence, here termed the Cretaceous Transgressive Group (Figs 2.3, 
2.4 & 2.53). In this section the stratigraphy and sedimentology of the Cretaceous 
Transgressive Group is addressed. 
The existence of the Cretaceous in the Pelagonian zone of northern Greece was first 
documentated by Viquesnel (1844), who reported Hippuritid rudists and corals of Late 
Cretaceous age from east of Drossia. This work was followed by that of Kosmatt (1924) and 
Osswald (1931), but not until 1956, with the work of Brunn, was a stratigraphic sequence 
for the Cretaceous of the northern Pelagonian zone established. This stratigraphy formed the 
basis for the work of Mercier (1968), Campion (1966) and Braud (1967), who produced the 
first measured sections and coherent stratigraphy (Figs 2.3, 2.4 & 2.53). As outlined in 
Chapter One, the modified stratigraphy utilised in this study has sought to unify and 
simplify these existing stratigraphic schemes. 
In the revised stratigraphy (Figs 2.3, 2.4 & 2.53) Cretaceous sediments of the study area are 
assigned to the Cretaceous Transgressive Group. This group is subdivided into three 
mappable formations, the Lower Transgressive Formation (LTF), the Upper 
Transgressive Formation (UTF) and the Pelagonian Flysch Formation (PFF). In 
established stratigraphic nomenclature individual groups and formations are usually named 
after a type locality or stratotype. This procedure has not been followed for the Cretaceous 
Transgressive Group. This is due to the size of the field area covered, and the often complex 
facies variations within the formations. Considerable more work is needed on the internal 
stratigraphy of this group throughout the field area prior to the formal establishment of type 
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sections. The stratigraphy presented here is hence a working stratigraphy, based on the 
clear and simple observation that the Cretaceous sediments are transgressive over the 
underlying lithologies and can be divided into three, regionally mappable, formations. 
This three fold division and formation names are also in keeping with the published IGME 
Kozani and Piryoi sheets. 
Mercier (1968) did not obtain dateable fossils from the LTF, but by comparison to the 
Kozani region suggested a Cenomanian-Turonian age for this formation. This age was 
subsequently confirmed by Pichon (1976, 1977) who dated the base of the LTF as Lower 
Cenomanian. Pichon (1976, 1977) also suggested that the base of the LTF might locally be 
Upper Albian in age by comparison with the Kozani and Kourmaria regions in the southern 
Vermion. The LTF probably extends into the (?Upper) Turonian/Coniacian, although the 
exact age of the top of this formation remains uncertain (section 2.8.2.3). 
The contact with the overlying UTF is marked throughout the western Vermion by a slight 
angular discordance. The basal sediments of the UTF were dated as Santonian-Lower 
Campanian by Mercier (1968, p322), and pass up into a thick sequence of Campanian-
Maastrichtian rudist-bearing carbonates.. 
The top of the UTF, and the transition to the PFF, is marked by the Kipsari Passage 
Member (Figs 2.4 & 2.53). This transition is of Latest Maastrichtian age. The PFF 
probably extends into the Paleocene on the basis of an uppermost Maastrichtian age for the 
top of the UTF (Mercier 1968, Campion 1966, Braud 1967). Due to the size of area covered 
during this project it was impossible to carry out the detailed stratigraphical study of the 
Cretaceous Transgressive Group which is clearly needed to improve the biostratigraphy. 
Such a study would be an ideal topic for future Ph.D. research. Despite this, the work 
presented here offers the first sedimentological analysis of the Cretaceous Transgressive 
Group. 
2.8.2 The Lower Transgressive Formation 
The Lower Transgressive Formation (LTF) equates to the Pg9 division of Mercier 
(1968), the Pg3 division of Braud (1967) and the "Serie Cretace Moyen" of Pichon (1976, 
Figs 2.4 & 2.53). Lateral facies variations within the LTF are marked, and the entire 
formation is diachronous over the study area. For this reason the formation is left relatively 
undivided. Two distinct members are proposed here: the Basal Red bed Member and the 
Bela Reka Member (Fig 2.53). The Basal Red bed Member is only locally developed, 
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mainly south of the Kastro Rema. Lithologically, the LTF comprises an interbedded 
sequence of marble and red-bed conglomerates, calcarenites, platy-bedded carbonates 
("calcaires en dalles/plaquettes" of Mercier, 1968) and local rudist patch reefs. This 
sequence was suggested to be up to 800m thick where fully developed in the Bela Reka 
region (Mercier, 1968, Fig 2.53b), but is seen to pinch out completely 2km north of Kato 
Grammatiko (Fig 2.9). Based on the sections studied during the course of this work 
Merciers thickness of 800m seems excessive, and a maximum thickness of 450-500m is 
suggested. This sequence also thins considerably south of the Kastro Rema, where it is 
locally down to 30m thick. In general the LTF is up to 200m thick in the southern Vermion. 
2.8.2.1 Basal Red bed Member 
As described in section 2.7, the development of continental conditions and red-bed 
sequences prior to the Cretaceous transgression are locally preserved in the study area. The 
majority of these sequences show evidence of reworking during the Cretaceous 
transgression, however, and form a locally distinctive horizon at the base of the LTF. They 
are particularly well developed south of the Kastro Rema (Figs 2.9, 2.15, logs 2,3,4 & 5 & 
Fig 2.54a). 
Figure 2.54a is a section from the Metallia region. The base of the Basal Red bed Member 
is marked by up to 16m of kidney red, planar-bedded pebbly mudstone, which 
unconformably overlies strongly weathered dunite. The pebbles consist of milky quartz, 
chert, laterite and bauxite. This unit is overlain by red-bed, clast-supported, conglomerates 
rich in rounded milky quartz, chert, bauxite, laterite and dunite clasts (horizons 2, 3 & 4, see 
also Plate 2.913). The matrix consists of red bauxitic and hematite-rich mudstone. These 
conglomerates are overlain by pink, planar-laminated, normal-and reverse-graded, rippled-
and herring bone cross-bedded, fine-to coarse-grained arenites, interbedded with well-
rounded rudites rich in marble clasts and sparse ophiolitic and bauxitic/lateritic lithologies 
(horizons 5-8). The matrix comprises medium-grained arenite. Herring bone cross-bedding 
and numerous internal truncation surfaces are developed. Eventually these basal 
conglomerates are overlain by fossiliferous mudstones and carbonates (horizons 12 
onwards). It is clear that these basal sediments are sourced from two distinctly different 
regions, one reworking red-bed and ophiolitic lithologies, whilst the other sources 
predominantly Pelagonian marbles. 
The Red bed Mbr can be traced to the Mavri Rakhi, Profitis Illias and Soumalia regions (Fig 
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Fig 2.54a detailed section of the Red bed Member exposed in the Metallia region, southern 
Vermion. In this section eroded dunitic lithologies of the Pelagonian Ophiolite Nappe are 
unconformably overlain by lateritic mudstones and red-bed conglomerates which pass 
gradationally up section in to neritic carbonates. Figure 2.54b is a detailed section through 
the basal lithologies of the Bela Reka Member in the Mavn Rakhi region. Horizon 6 in this 
section comprises a spectacular coquina,rich in Monoplurids (Araeopleura sp, Plate 2.14). 
angular conglomerate of pelloidal bauxite and minor marble set in a red arenitic matrix. 
This basal unit is extremely variable in thickness (0-20m) and passes rapidly upwards into 
interbedded marble conglomerates, arenites and rudist and oyster (?Perna sp.) bearing 
coquinas. Locally these basal units are strongly deformed due to Tertiary deformation. 
The Profitis Illias section (Fig 2.15, log 2) reveals a similar sequence, although up to 5m of 
laterite is developed at the base. The arenites are strongly mottled and bioturbated and 
comprise unsorted, angular to sub-rounded marble clasts set in a red-brown iron-rich 
matrix. These arenites pass gradationally into less reddened conglomerates and eventually 
into thin-bedded, fossiliferous, sparse to packed biomicrites ("Calcaires en Plaquettes" of 
Mercier 1968) as typical of the Bela Reka Member. These biomicrites are rich in benthic 
foraminifera (Miliolids and Pseudolituonella reicheli, characteristic of the Upper 
Cenomanian, Plate 2.8C, D & E) and localised pockets/coquinas of coral, oyster (?Perna 
sp.) and rudist-bearing limestones, including Radiolitid fragments, ?Caprinids and 
Monopleuridae (Araepleura sp., of probable Cenomanian age, Dr Thomas Steuber, pers 
comm. 1992). 
In the Ayios Dimitrios and Koumaria regions (Fig 2.15, logs 5, 6 & 7, Fig 2.48 & Plate 
2.9B) the Basal Red bed Member has undergone considerable deformation during the 
Tertiary. Pichon (1976) and Vergely (1984) wrongly assigned these lithologies to the Mavri 
Rakhi Formation. Laterally these red-bed conglomerates pinch out completely. As with the 
sections in the Mavri Rakhi region, these basal red beds pass into fossiliferous neritic 
carbonates up section. 
North of the Kastro Rema the Basal Red bed Member is not widely developed, although 
reworked laterite and bauxite clasts were encountered in several sections (e.g. Ayios 
Anargyroi and Kinotafion regions, Fig 2.11, logs 3, 4 & 5). Possibly the red-bed sequences 
were removed by subsequent erosion in this region. 
2.8.2.2 Bela Reka Member 
The Bela Reka Member takes it's name from the Bela Reka section which was first 
described by Brunn (1956) and Mercier (1968, Fig 2.53b) to comprise up to 800m of 
interbedded conglomerates, sandstones and platy-bedded sandy carbonates (Calcaires en 
dalles/plaquettes). Figure 2.55a is the first detailed log of the Bela Reka section. A revised 
thickness estimate for this member suggests a maximum of 450-500m. 
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The basal contact with the Pelagonian Ophiolite Nappe and marbles is not well exposed in 
the Bela Reka section, although locally a very clean-washed unconformity over deformed 
cherty marbles of the KGF is visable. Where the LTF is in contact over ophiolitic lithologies 
the basal I 0-20m of conglomerates are deformed and metamorphosed due to Tertiary 
décollement and thrusting. No basal red beds were encountered. The basal conglomerates 
(Horizon 0, Fig 2.55a, see also Plate 2.913) comprise very clean-washed and mature, clast-
supported rudites, rich in sub-rounded to sub-angular marble clasts (50% fenstral marbles, 
50% cherty marbles). The matrix comprises medium-to coarse-grained calcarenite, which 
locally forms distinct cross-bedded lenses within the rudite. A faint bedding-parallel 
stratification is developed. These rudite horizons form distinct proud-weathering crags 
(Plate 2.9C), and are typically in erosive contact with underlying lithologies. As well as the 
above described rudites one also encounters poorly sorted, matrix to clast-supported, chaotic 
rudites which lack internal organisation (e.g. horizons 10, 17, 24, 28, 32, 34, 36 & 38, Fig 
2.55a). Most of these horizons are strongly erosive into the underlying thin bedded sandy 
carbonates, with incorporation of rip-up clasts into the basal part of the rudite. Horizon 10 
records the presence of rudist-bearing packstones (angular) and isolated rudists, although 
the majority of clasts are again either fenstral or cherty marbles. Very rarely reworked, 
cemented, clusters of rudists were identified in the conglomeratic horizons (e.g. horizon 17). 
Clast size in these poorly-sorted horizons ranges from im to cm size, with a general 
tendency for normal grading according to size, although reverse graded and traction carpet 
features are encountered (Plate 2.IIB). The matrix comprises micritic to calcarenitic, buff, 
cream or grey carbonate. The whole unit has the appearance of a rapidly deposited, 
internally disorganised sediment, although a gradational upper contact to the overlying 
"calcaires en dalles/plaquettes" was encountered, with evidence for some sorting according 
to clast size. Extensive bioturbation of the upper levels of both of these conglomeratic facies 
was also encountered (Plate 2. lOA & B). The pebble-filled nature and size of these burrow 
systems show affinities to those produced by the modern burrowing shrimp Callianassa or 
Apheus. The presence of Thallasonoides-style burrows also points to the presence of 
burrowing crustaceans. Plate 2.1013 shows a good example of a Zoophycos-style burrow 
system which are also common throughout the Bela Reka section. In terms of provenance, 
the majority of the rudites and arenites were sourced from erosion of the Pelagonian Marble 
Group, although reworked Cretaceous lithologies form a significant proportion of the clasts 
(i.e. syn-depositional erosion of subjacent sediments). Ophiolitic detritus was only 
encountered in horizon 28. This lack of ophiolitic detritus is probably due to the weak 
mechanical and chemical weathering properties of dunite and serpentinite in comparison to 
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The sediments interbedded with the above described conglomeratic horizons comprise the 
"Calcaires en dalles/plaquettes" of Mercier (1968). These facies consist of cream, buff and 
light or dark grey, thin-and platy-bedded, fine-to coarse-grained calcarenites (bedded on 5-
10cm scale), micritic carbonates and fine-grained rudites (normal and inverse graded). 
Extensive bioturbation is characteristic of this fades and typically comprises sub-horizontal 
Chondrites, Zoophycos, Rhizocorallium, Teichichnus and Thallasonoides-style burrows, 
which are most extensively developed in the upper levels of individual beds. Backfilling of 
these burrow systems with sand to pebble size marble clasts is often preserved (Plate 2.1OA 
& B). As mentioned above, these burrow systems have close affinities with Callianassa or 
Aipheus burrow systems. Bed top wave ripples (predominately asymmetrical and straight 
crested, but locally symmetrical and bifurcating), cross bedding (planar and trough), load 
and flame structures and normal and inverse grading are all common in the more arenitic 
lithologies. Evidence for syn-sedimentary faulting and slumping is also observed in these 
lithologies (e.g. horizons 23, 25, 47, 51 & 53). Some of these slumped horizons are 
associated with angular intraformational conglomerates cemented by a coarse dark calcite 
infill, possibly indicative of early lithification of the sediments, followed by faulting and 
subsequent deposition of coarse cements (c.f. Kerassia & Kedronas Units of the Western 
Almopias zone, Chapter Three). Palaeocurrent measurements point to complex palaeoflow 
patterns (as clearly indicated by the presence of herring bone cross-bedding) but the 
prevalence of ripple crests striking between 142°-180° was noted, suggesting broad NE-SW 
or E-W flow directions. Asymmetric ripples suggest a predominance of flow towards the E-
NE. 
The upper levels of the Bela Reka section are dominated by thin-bedded, platy carbonates 
and calcarenites (horizons 46-53). These horizons equate with Mercier's Pg9c "Calcaires 
jaunes en plaquettes" (Fig 2.53) and are similar in facies to the underlying platy carbonates. 
Exposures in the river valley below cliff-forming limestone's of the UTF reveal light grey, 
buff and yellow, strongly bioturbated and rippled, platy-bedded, calcarenites and micritic 
carbonates. The upper levels of the calcarenites are marked by bifurcating ripples (ripple 
crests striking towards 180°) and trough cross bedding, as well as extensive Callianassa-to 
Thallasonoides-style burrow systems. Horizontal, meandering (gastropod?) grazing trails 
are also preserved on these upper horizons (Plate 2.1 OC). The top three metres of horizon 53 
are generally more arenitic than the underlying units, and are sharply truncated by a largely 
intraformational conglomerate, which marks the base of the UTF in this section (Fig 2.55a). 
This conglomerate clearly onlaps against underlying lithologies (Plate 2.1 IC). 
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In the Bela Reka section and the nearby Agio Anaryroi region, Pichon (1976) found 
Valvulinidae, Miliolids (?Spiroloculina), Ophthalmidiides, Archaeolithothamnium (algae) 
and ?Rabanitina in the basal carbonates, giving a Cenomanian age. The age of the top of 
the sequence is not well constrained, but Mercier (1968) suggested a possible Coniacian age 
by comparison to the Western Almopias zone (see Chapter Three). Despite sampling, no 
determinable forms where found from these upper horizons. 
In the Kato Grammatiko region a similar sequence to that described above is developed, 
with a very sharp, clean washed, unconformable contact of rudites of the LTF directly on 
the Pelagonian Marble Group (Fig 2.10). The basal conglomerate is rich in clasts of milky 
quartz, light green, fissile schists, red radiolarite and marbles (which predominate) derived 
from the underlying Pelagonian Marble Group. Very sparse shelly debris (rudists & 
bivalves) are also seen in pocket accumulatiOns within this conglomerate (preserved in life 
position locally). Clast size ranges from 5mm to 1cm on average, but locally can reach up to 
10cm2. All the clasts are generally very well rounded. Up section these basal conglomerates 
pass into thin-bedded arenitic platy-bedded carbonates. The contact with the overlying UTF 
again appears to be marked by a break in sedimentation (Fig 2.56), with strongly bioturbated 
calcarenites overlain by a red brown mudstone and nodular carbonates rich in large rudists 
(Vaccinites Atheniensis, Plate 2.16). 
South of Kato Grammatiko, the LTF is well exposed parallel to the water conduit which 
serves Kato Grammatiko (GR538 416. Fig 2.11, logs I & 2, Fig 2.67). In this region 
interbedded, well-sorted conglomerates and strongly bioturbated calcarenites are the typical 
lithologies. Locally these lithologies are in fault, or sharply unconformable, contact to the 
KGF, although local lenses of serpentinite open up to the south, and beyond Vretina the LTF 
is in clear tectonic contact over the underlying units with this serpentinite acting as a plane 
of décollement during Tertiary deformation (Figs 2.9 & 2.67). Following the water course 
uphill towards the SE gives good sections through typical interbedded rudites, arenites and 
platy carbonates, again with extensive bed-top bioturbation (including abundant Zoophycos 
burrows and subordinate Planolites, Rhizocorallium, Teichichnus and Callianassa-style 
back filled burrows) and excellent examples of syn-sedimentary extensional faulting 
affecting the calcarenites. Pichon (1976) identified Rotalipora appenninica & Nezzazata 
simplex from these outcrops, giving a Lower Cenomanian (Vraconian) age. 
North of Kato Grammatiko the LTF thins considerably from about a 40m-thick sequence 
along the crest of Strondeghi until it pinches out completely in the Mavro Rema section 
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(Figs 2.9 & 2.1 2a). North of here the UTF is in unconformable contact over the Pelagonian 
Ophiolite Nappe and Pelagonian Marble Group and the LTF is not developed. 
Between Kato Grammatiko and Bela Reka the LTF was always found to be in thrust 
contact over the Pelagonian Ophiolite Nappe (Figs 2.9 & 2.66), resulting in deformation of 
the basal lithologies (well exposed in the Kinotafion and Agios Anyagorion regions for 
example, Figs 2.11 & 2.21). As described in section 2.6.1, these deformed conglomerates 
were previously wrongly assigned to the Mavri Rakhi Formation. 
South of Bela Reka the LTF is well exposed in the Reis Tsifliki region where it 
unconformably overlies cherty carbonates of the KGF (Fig 2.22). The basal conglomerates 
are extremely well rounded and sorted in this region, and locally infill deep karstic fissures 
in the KGF. Facies variations are marked, with rudites, arenites, calcarenites, micritic 
carbonates, lateritic mudstones and rudist reef limestones all interbedded. The small Knoll 
(GR535 362, Fig 2.9) 0.5km due north of spot height 1439m, exposes a rudist patch reef 
interbedded with typical 'calcaires en plaquettes' and buff nodular carbonates. The majority 
of the reef limestones have undergone a marked degree of reworking. The road cut 
eastwards towards Ano VermionlPalio Ano Seli offers excellent sections through facies 
typical of the LTF. Fig 2.55b is a detailed section through interbedded platy carbonates, 
calcarenites and rudites exposed in road cuts 200m west of spot height 1439m. All of these 
units are extensively bioturbated by ichnofabrics typical of the upper to middle shelf, 
including Thallasonoides, Zoophycos, Skolithos, Rhizocorallium, Planolites and 
Cal/ianassa-style burrows. The majority of these ichnofabrics are concentrated at the top of 
the arenites and rudites, but are so abundant in some of the calcarenites and muddy 
carbonates as to completely destroy stratification (Plate 2.101)). The arenites and rudites are 
invariably loaded into the muddy carbonates resulting in flame and ball and pillow 
structures, and locally incorporate rip-up clasts into the basal part of the rudites. Syn-
sedimentary faulting and slumping are well developed in the lower horizons. Rare plant and 
foliage fragments were also encountered in the muddier carbonates. As with the Bela Reka 
section, the upper-most exposures of the LTF show extensive evidence of syn-sedimentary 
faulting and slumping (Plate 2.1 1A). The contact with the UTF is a major Tertiary reverse 
fault contact in this region (Fig 2.9, 400m south of spot height 1586m). 
South of Kastro Rema facies variations within the LTF are even more marked. In the 
Metallia section (Fig 2.54a) the basal Red bed Mbr is gradationally overlain by buff, 
structureless, calcareous mudstones and arenites which are cut by Planolites, 
Thallasonoides and Skolithos-style burrow systems (horizon 13). Solitary corals 
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(?Conicosmilotrochus sp, Plate 2.13), locally in life position, become common in this unit 
moving up section, as do sideritic concretions, until a grey and buff, nodular, micritic 
carbonate is developed (horizon 17), which is rich in solitary corals and rare rudists. These 
rudists build up rudist patch reefs which are identical to those east of the Reis Tsifliki region 
(GR535 362, Fig 2.9). Such rudist reef limestones were also identified a short distance 
above the red beds in the Mavri Rakhi region (Fig 2.15, log 3 & Fig 2.49). 
The rudists preserved in these reef limestones are undoubtedly Hippuritids (Plates 2.12 & 
2.13), but are impossible to determine properly due to the fact that quite a lot of species 
exist with a similar development of pillars to those from this locality. The study of well 
preserved hinge apparatus is required to give better determinations. Despite this, Dr T. 
Steuber (pers. comm. 1992) suggests these forms have affinities with Vaccinites 
inaequicostatus, V. slyriacus, V. praesulcatus and V. gosaviensis acicularis, suggesting a 
Santonian-Campanian age. Dr Steuber (pers. comm. 1992) also suggests that two specimens 
from this locality belong to the genus Pironaea, indicating late Campanian-Maastrichtian 
ages. Yet Noel Morris (pers. comm. 1992) suggested that several of the forms have close 
affinities to Vaccinities grossourrei, giving an Upper Turonian age. In all sections in this 
region the reef limestones are overlain by typical "Calcaires en Plaquettes", rudites and 
coquina-style shell beds (horizons 21-32, Fig 2.54a). Figure 2.54b is a detailed section 
through these lithologies, which exposes a spectacular Monoplurid-rich (Araeopleura sp, i.e. 
Cenomanian in age) coquina in its central part (horizon 6, Plate 2.13). The presence of 
numerous internal truncation surfaces and hearing bone cross bedding points to 
sedimentation in a shallow marine littoral to upper slope setting. This is supported by the 
facies of conglomerates in this section which display both normal and reverse grading, 
pebble imbrication, traction carpet features, herring bone cross bedding and locally large-
amplitude ripples (up to 3m wavelength) which are interpreted as hummocky cross sets. The 
interbedded arenites are generally very well sorted, typically hearing bone cross-bedded or 
display climbing asymmetrical ripples. Slumping and convolute lamination in horizon 11 
testifies to rapid deposition of the overlying conglomeratic horizon, which is strongly 
erosive into the underlying arenites. 
In the southern Vermion (Ayios Dimitrios and Kourmaria regions, Fig 2.15, logs 5, 6 & 7 & 
Fig 2.48) identical facies to those described above are encountered, albeit somewhat 
deformed due to Tertiary deformation (Plate 2.913). Interbedded, platy carbonates in this 
region differ from the above described facies in that they are often rich in high spiral, 
current-oriented, gastropods (Nerineids, Plate 2.25C). Poorly preserved oyster fragments 
and benthic forams were also encountered in this region, including probable Orbitolina sp., 
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suggesting an Aptian-Albian age. East of Kourmaria the LTF was dated by Didelot (1970) 
as Albian-Turonian. The basal horizons of the LTF were wrongly assigned to the Mavri 
Rakhi Formation in this region, and consist of interbedded red bed rudites, arenites and 
platy carbonates. Up section these red-beds pass into a thick sequence of highly fossiliferous 
neritic carbonates similar in facies to the platy carbonates of the Bela Reka section, but also 
including buff, nodular, carbonates more typical of the Western Almopias zone (Chapter 
Three). The exposures in this region were not studied in detail and hence are not discussed 
further. 
2.8.2.3 Summary and depositional environment 
With regard to the environment of deposition, the Basal Red bed Mbr is interpreted as 
continental-derived sediments which have, for the most part, undergone reworking and final 
deposition in a shallow marine to littoral setting (as evidenced by interbedded 
fossiliferous limestones). The basal rudites and arenites (e.g. horizons 1-12, Fig 2.54a) could 
be interpreted as the products of sedimentation in a high-energy, fluvial setting, possibly 
related to ephemeral floods. However, the presence of herring-bone cross bedding is here 
taken as evidence for sedimentation in a shallow, marginal-marine environment (that these 
sediments were originally deposited in a continental, and probably fluvial, setting is not 
doubted, but they appear to have finally been sedimented in a marginal marine setting). 
They clearly pass conformably upwards into fossiliferous shallow-marine sediments, 
including oyster-bearing (?Perna sp.) carbonates, which are typical of shelf-lagoonal 
environments (Carbone & Sirna 1981). Derivation of the rudites from several sources is 
suggested by the contrasting provenance of adjacent horizons, and this probably relates to 
input from several point sources (?fluvial). The marble-rich rudites have clearly undergone a 
higher degree of sorting and rounding. Laterites in the Mavri Rakhi region are virtually in-
situ, and appear to have undergone minimal reworking during the Cretaceous transgression. 
In conclusion, the Basal Red bed Mbr records the transition from continental to marginal 
marine conditions prior to, and during, the Cretaceous transgression, and is not 
everywhere developed/preserved. In many aspects the Basal Red bed Mbr is very similar to 
red-beds exposed in the Western Almopias and Paikon zones (Chapters Three & Six). 
The Bela Reka Member, in the Bela Reka section, records an initial dominance of 
littoral/marginal-marine to shallow shelf rudite horizons (?storm deposits) which pass 
up into a sequence of shallow to middle shelf carbonates and clastics, again with a 
marked input of storm-derived rudites. These sequences are very similar to those described 
by Inden & Moore (1983) and by Enos (1983) from the Cretaceous of Mexico and Texas, 
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and by Skelton et at. (1990) from the United Arab Emirates. The basal rudites were 
probably deposited in a high-energy beach environment, as suggested by the degree of 
rounding of the clasts and the often very clean-washed nature of the contact between these 
sediments and the basement lithologies. Lenses of cross-stratified calcarenite interbedded 
with these basal rudites are here interpreted as beach sand. The presence of isopachus fringe 
cements and local "keystone vug" features (similar to those described by Skelton et al. 
1990) in both the sandstones and rudites are in keeping with this interpretation. The local 
presence of rudist clusters, sometimes in life position, but mostly reworked, probably 
originated as small biostromes which were initially deposited in sheltered embayments and 
subsequently reworked by current (tidal or storm) activity. The lack of ophiolitic detritus 
probably reflects the weak mechanical properties of serpentinite in comparison to marble. 
Footwall and cliff derivation of marble clasts, coupled with fluvial input, are the most likely 
mechanisms for supply of the rudites. 
The upward transition to interbedded platy-bedded calcarenites, micrites and rudites is here 
interpreted as a deepening of the depositional environment and a probable landward (west 
and northward) movement of the transgression. Tidal and storm activity are clearly still 
important in these units, associated with the redeposition of shallow-marine-derived 
sediments. The ichnofacies of these lithologies point to sedimentation in a upper to middle 
shelf setting. Syn-sedimentary faulting is clearly an important mechanism controlling the 
deposition of these units and is probably related to storm/tidal activity and extensional 
faulting. Evidence for prolific extensional faulting towards the upper limit of the Bela Reka 
Mbr was almost always encountered, and is possibly related to extensional faulting and 
rifting during the Turonian and Coniacian (c.f. sequences in Western Almopias and Paikon 
zones of this age, Chapters Three & Six). This is speculative, however, as the top of the 
Bela Reka Mbr is poorly dated. 
The rudist patch reefs in the Bela Reka Mbr point to areas of sedimentation which were not 
subject to the vigorous current activity described above (although reworking of some of 
these reefs is clear, e.g. east of Reis Tsifliki). The age of these reefs is problematic, and 
further work is needed. It is not inconceivable that the age of the LTF south of the Kastro 
Rema is younger than previously thought based on the rudist fauna, although this remains to 
be confirmed. To obtain a detailed palaeogeographical picture of the Cretaceous 
Transgressive Group and its depositional environment one must also take account of the 
sequences exposed in the Almopias zone. Consequently a detailed discussion is not 
attempted until these units have been described (Chapters Three & Seven). 
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PLATE 2.8 
A & B. Thin section photograph of cherty biomicrite typical of the Mavri Rakhi Formation 
from the type locality and Profitis Illias region. Note abundance of recrystalised radiolarians 
and Calcispheres (particularly in A) and thin shelled bivalves (B), which show affinities to 
pelagic pelecypods or Posidonomya sp. The Calcispheres have affinities with Calpionellids 
(A 20mm, PPL, B 10mm, PPL). 
C, D & E. Cretaceous Lower Transgressive Formation, Profitis Illias region, Western 
Vermion (Log 2, Fig 2.15). Thin section photograph of the first fossiliferous calcarenite 
above the basal red-beds. Note abundance of abraded shell debris, miliolids and 
Pseudolituonella reicheli, a benthic foram characteristic of the Cenomanian (C & E 12mm, 
PPL, D 4mm, PPL). 
PLATE 2.9 
General view of the Mavri Rakhi region looking WNW towards the isolated outlier (spot 
height 1210M, Fig 2.49). At this locality the Pelagonian Ophiolite Nappe (well exposed in 
the road cuts below the knoll) appears to be unconformably overlain by a sequence of 
cherty micrites of the Mavri Rakhi Formation. Local cherts and quartz arenites are 
preserved along the contact. Due to considerable Tertiary deformation this contact is 
typically the site of thrust dislocation. The same contact is also picked out beneath the crag 
in the fore ground. 
Basal Red Bed Member, Cretaceous Lower Transgressive Formation, Akrini region (Log 
5, Fig 2.15). This member is represented by interbedded, red-bed, current imbricated rudites 
(largely derived from erosion of the Pelagonian Marble Group), arenites and orange to red, 
strongly recrystallised, limestones (locally with traces of shelly fauna, including oysters and 
high-spiral gastropods). These lithologies were previously wrongly assigned to the Mavri 
Rakhi Formation. Tertiary deformation of this member is strong in this region due to large 
scale thrust and fold imbrication (see section 2.9). Locally clast elongation (parallel to the 
thrusting direction) develops due to this deformation, as does pressure solution between 
individual clasts (coin for scale). 
View of the entire Cretaceous Transgressive Group in the Bela Reka section (Figs 2.9 & 
2.55a). The Lower Transgressive Formation outcrops in the lower half of this view, with the 
prominent benches represented by individual rudite horizons. The back weathering 
lithologies are represented by platy bedded calcarenites and micrites. Facies of this 
formation are typical of deposition in a upper to middle shelf setting. The contact to the 
overlying Upper Transgressive Formation (rudist reefal limestone, massive cliff-forming 
unit) is a slightly angular unconformity (well exposed in stream base to east, Fig 2.55a). 
Typically spectacular outcrop of well rounded and sorted littoral rudite of the LTF. Clast 
derivation is predominantly from the Pelagonian Marble Group, although rare ophiolite 
derived clasts are occasionally present (e.g. top right). The matrix is represented by well 
sorted calcarenite. Vadose cements confirm deposition in a littoral setting (pencil for scale). 
PLATE 2.10 
Ichnofabrics typical of the Cretaceous Lower Transgressive Formation 
Callianassa/Apheus-like back-filled burrow system, with a well defined central entry 
point (below pencil). 
Zoophycos or Rhizocoralliurn-style burrow with well developed sparite. Such burrows 
are typical in the upper levels of redeposited horizons (pencil for scale). 
?Gastropod grazing trails on the upper levels of platy bedded micrites in the upper part of 
the Bela Reka section (lOm below unconformable contact to UTF, Fig 2.55a). Pencil for 
scale. 
Section through extremely bioturbated upper to middle shelf calcarenites and micrites 
(see Fig 2.55b). Locally bioturbation is so extensive as to completely destroy all 
stratification. Chondrites, Zoophycos, Rhizocorallium, Teichichnus and Thailasonoides-
style burrows are all evident in this section. Note also local load structures to base of 
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individual calcarenites (grey). These lithologies are the time and facies equivalent of facies 
exposed in the Kedronas Unit (Western Almopias zone, Chapter Three). Pen for scale. 
PLATE 2.11 
Spectacular syn-sedimentary domino faulting of calcarenites (dark) within micrites of 
the upper levels of the LTF exposed in track cuts east of log in Fig 2.55b (Vermion, east of 
Reis Tsifliki). Note also erosional contact to overlying pebbly mudstone and 
erosional/loaded bases to lower calcarenite. Evidence for syn-sedimentary faulting and 
slumping is abundant in the upper part of the LTF, and is probably related to extensional 
(?rift-related) faulting which occurred in the Lower Turonian, probably persisting in to the 
Coniacian (pencil for scale). 
LTF, Bela Reka section (Fig 2.55a). Typical outcrop of ?storm deposited rudite. Note 
weakly developed pebble imbrication and distinct traction carpets. Imbrication is in 
different directions in the lower and upper finer grained rudite, confirming hi-directional 
flow regimes (tidal). Clasts are intraformational or derived from the Pelagonian Marble 
Group (pencil for scale). 
Bela Reka section (Fig 2.55a). Intraformational rudite which marks the contact between 
the LTF and UTF. Most of the clasts consist of angular, platy bedded, micrites and arenites, 
some of which show earlier formed extensional micro faults. Such faults were not observed 
in the overlying UTF (pencil for scale). 
Upper Transgressive Formation, Toupkouvkamen section, Rudist Breccia Member. 
Close-up of extremely fossiliferous buff micritic limestone which forms a distinctive 
lithology of this member. Gastropod, sponge, bivalve, rudist and coralline fragments are 
present (pencil for scale). 
PLATE 2.12 
Rudists from patch reefs within the Cretaceous LTF exposed in the Metallia region (Fig 
2.54a, horizon 20). 
These rudists are undoubtedly Hippuritids, but are impossible to determine properly due to 
the fact that quite a lot of species exist with a similar development of pillars to those shown 
here. Dr. Thomas Steuber (per. comm., 1992) suggests these forms have affinities with 
Vaccinites inaequicostatus, V. styriacus, V. praesulcatus and V. gosaviensis acicularis 
(Santonian-Campanian), whilst Dr. Noel Morris (per. comm., 1992) suggests several of the 
forms have close affinities to V. grossourrei (Upper Turonian). 
PLATE 2.13 
A & B. As Plate 2.12 
C & E. ?Conicosnzilotrochus sp. from the Lower Transgressive Formation exposed in the 
Metallia region, Western Vermion (Fig 2.54a). These corals are locally preserved in life 
position. 
D, F & G. Spectacular Monoplurid-rich coquina from the Lower Transgressive Formation 
in the Western Vermion (Fig 2.54b). These forms are probably Araeopleura sp. (Dr. 
Thomas Steuber, pers. comm., 1992), suggesting a Cenomanian age. This coquina is 
interbedded with herring bone and hummocky cross bedded calcarenites, indicative of 
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2.8.3 Upper Transgressive Formation 
The Upper Transgressive Formation (UTF) equates with the PglO "Les calcaires a debris de 
Rudistes of Mercier (1968), the Pg4a, Pg4b and Pg5a divisions of Braud (1967) and the 
lower part of the "Serie Cretacé Supérieur" of Pichon (1976, Figs 2.3, 2.4 & 2.53). Mercier 
based his stratigraphy on a detailed section east of Arnissa (Toupkouvkamen region, Fig 
2.53c), as well as sections in the Kaimaktchalan and Vermion massifs. The Toupkouvkamen 
section was studied in detail during this study (Figs 2.57 & 2.58), and is retained as the type 
section. Appendix Two gives detailed petrographic descriptions from this section. As stated 
earlier, the size of the field area covered and the reconnaissance nature of this study did not 
allow time for a detailed study of sections through the UTF in the southern Vermion. Future 
detailed biostratigraphical work is needed in these regions. 
In the revised stratigraphy presented here the basal two divisions of Mercier are retained: 
the Rudist Breccia Member (PglOa La brèche a Rudistes) and the Toupkouvkamen 
Member (Pg lOb Les calcaires a Globotruncana), but divisions PglOc, lOd & We are 
grouped together as the Drossia Member as these divisions were found to be highly 
localised and difficult to recognise even a short distance away from the Toupkouvkamen 
region. In contrast, the Kipsari Passage Member (PglOf Les couches de passage au Flysch) 
comprises remarkably similar facies associations throughout the study area. The Upper 
Transgressive formation is up to 350m thick where fully developed, but is locally no more 
than 30m thick in the Kaimaktchalan massif (Figs 2.51 & 2.52). In the Vermion massif the 
formation averages between 200m-250m. The UTF is in unconformable contact the 
Pelagonian Marble Group and Pelagonian Ophiolite Nappe north of Mavro Rema, whilst 
south of there it is in contact (generally discordant) over the LTF. 
2.8.3.1 Toupkouvkamen section - Arnissa region 
During construction of the new Florina-Edessa road, which cuts through the 
Toupkouvkamen region, the basal contact of the UTF with the underlying Brown Schists 
Member was well exposed as an angular unconformity (Fig 2.58). Unfortunately, the base of 
this section has now largely been buried by the new road, but outcrops north of Kale (Fig 
2.9, GR535 489 to 491) and north of Megalo Kastro (Fig 2.13) expose a very similar 
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sequence. 
Rudist Breccia Member 
The first sediments to be deposited unconformably over the BSM in this section are 
continental in origin, including a basal conglomerate (rich in chert, marble, serpentinite and 
lava clasts) and a well developed seat earth rich in root traces, foliage fragments, listric 
surfaces, caliche and siderite concretions (horizon I, Fig 2.58). The top of the seat earth is 
marked by a fossiliferous limonitic mudstone (horizon 2) rich in small, high-spiral 
gastropods and lamellibranchs which passes laterally and vertically into sandy mudstones 
interbedded with two distinct coquina horizons (horizons 3 & 5) rich in small rudists 
(Hippuritella variablis), corals (Clyclolites sp., Phyllocoenia sp., Brachyseris sp. or 
Brachyrneandrias sp., Elasmophylia sp., Haplaraca sp. and Synastrea sp., Plate 2.1), 
bivalves, sponges (Blastochaetetes sp., Plate 2.14), bryozoa, ostracods and gastropods 
(Actaeonella sp.). The reduced ligamental pillars of the small Hippuritella variabilis present 
in this horizon indicate a Campanian age (Dr T. Steuber, pers comm, 1992). Plates 2.1 ID 
and 2.19A are field and thin section examples of this distinctive basal lithology. 
The carbonate content gradually increases up section with the development of a nodular-
bedded, extremely fossiliferous, coquina horizon (horizon 7), which is overlain by a 
calcareous mudstone rich in large well preserved rudists in life position (horizon 8, 
Vaccinites atheniensis, Plate 2.15). This interval is no more than im thick and is overlain by 
8m of buff mudstone interbedded with extremely fossiliferous packstones (horizon 9, Plate 
2.11 D) rich in corals (Cyclolites sp.), bryozoa, sponges, bivalves, gastropods, echinoderms, 
small rudists and benthic forams (Miliolidae, Nummofallotia cretacea). Well preserved 
foliage fragments, pollen spores and small sideritic concretions were also encountered in the 
muddier horizons. 
The Rudist breccia Mbr was encountered all along the base of the UTF moving northwards 
towards the Nission Fault, particularly well exposed in the Kale area (pebbly limonitic 
mudstones rich in strongly-ribbed bivalves, high-spiral gastropods and foliage fragments, as 
well as iron stained clasts of quartz, mica, talc, chert and pelloidal bauxite). Local interbeds 
of poorly-sorted, iron-pan sandstone are also developed in this region. The very base of the 
UTF in the Kale region is marked by a coarse-grained, poorly-sorted, conglomerate overlain 
by buff, coralline and algal-rich muddy carbonate (Plate 2.1 ID), which passes into nodular-
bedded Vaccinites atheniensis-bearing muddy carbonates (particularly well developed in a 
small cave lOOm NW of Kale, Fig 2.13). 
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Fig 2.57 Detailed section of the Upper Transgressive Fm in the Toupkouvkamen 
region. The enlarged log (170-1 72m) shows typical facies of the Drossia Mbr 
(winnowed bioclastic grainstones and rudist-bearing packstones). 
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Toupkouvkamen Member 
In both the Toupkouvkamen and Kale regions the Rudist Breccia Mbr passes up into 15-
25m of lenticular-bedded, putrid smelling, micritic to argillaceous carbonates (sparse 
biomicrite wackestones, Plate 2.19B, samples 13/14-18/14, Appendix Two), rich in 
calcispheres/oligostenids, Inoceramus fragments, rare Globotruncana. cf linnei and 
Globergerina sp, and one Montcharmontia apenninica (sample 14/14, Plate 2.19E). This 
lithology is interbedded and transitional to rare shelly packstone horizons (rich in small 
broken rudist fragments, Miliolids, echinoderm and Inoceramus fragments and 
calcispheres/oligostenids). This interval equates with Mercier's (1968) PglObl and persists 
until the crag top in the Toupkouvkamen section (sample 18/14, Fig 2.57). An upwards 
transition to more hemipelagic facies is clearly developed, with the gradual appearance of 
pelagic forams and a decrease in calcispheres/oligostenids and shallow-marine-derived 
detritus. The contact to the overlying platy-bedded micrites is thus very gradational and the 
entire sequence records a marked deepening of the depositional environment (Fig 2.57). 
The overlying lithologies comprise thin-bedded, Globotruncana sp. bearing, light grey to 
beige, putrid smelling, argillaceous, sparse biomicrites with local bedding-parallel 
replacement chert. Mercier (1968) identified an abundant pelagic microfauna assemblage 
from this interval (Plate 2.17A), including Globotruncana calciformis, G. linnei, G. 
marginata, G. convexa, G. arca, G. gr. lugeoni, Globigerina sp., Gumbelina sp., Bolivina 
sp., Stronziosphaera spherica and radiolarians, suggesting Campanian age. 
All the above described lithologies are grouped into the Toupkouvkamen Member 
(Mercier's PgIOd division) which is approximately 50-60m thick in the Toupkouvkamen 
region and 45-50m thick in the Kale region. 
Drossia Member 
The contact with the overlying Drossia Member is marked by a gradational passage from 
sparse biomicrites of the Toupkouvkamen Mbr to bioturbated packstones and poorly washed 
biosparites rich in bored rudist and echinoderm fragments (with well developed micritic 
envelopes), peloids, micritized intraclasts and calcispheres (samples 20/14 & 1/15). Rare 
large Radiolitadae fragments are also developed. This unit passes into 20m of Orbitoides 
media-bearing calcarenitic packstones, grainstones and winnowed bioclastic packstones. 
The Orbitoides media are current-oriented and occur in distinct pockets (Plate 2.1713 & 
samples 21/14 & 3/15). This lithology is also rich in primary quartz grains and sand-sized, 
223 
rolled and winnowed rudist fragments (Plate 2.17A). Again, rare, large Radiolitid fragments 
are present. The presence of red algae (Archaeolithothamnium), often in life position, was 
also noted (Plate 2.19D, sample 3/15). These facies are typical of platform edge 
environments of rudist reef complexes (e.g. Polsak 1981, Masse & Philip, 1981). 
The overlying sequence consists of a thick (200m) interval of rudist-bearing packstones and 
grainstones, which show a complex interplay of facies (Fig 2.57). The majority of the rudist 
remains have undergone vigorous boring, winnowing and reworking in a tidally active, high 
energy, environment to produce normal and reverse graded coarse carbonate sands (Plate 
2.17D & 2.19C, sample 7/I5, interval 170-172 Fig 2.57). Local pocket accumulations of 
cemented rudists and rudists in life position are also preserved (Plate 2.17C). One 60cm-
thick pelloidal/miliolid wackstone interbedded with this sequence (Plate 2.18A, sample 
10/15) is clearly lagoonal in facies. This thick interval is typical of rudist reef limestones of 
the Tethyan realm (e.g. Masse & Philip 1981) and is thought to represent a high-energy 
shoal beach, to reef flat environment (Fig 2.57). 
The upper levels of the Drossia Mbr (samples 10/15-12/15, Fig 2.57) comprise winnowed 
bioclastic grainstones and packstones, which locally interfinger with pelloidal wackestones. 
Clasts within the grainstones and packstones in this interval often show extensive evidence 
of boring and micritic envelopes (Plate 2.1813). The overlying packstones probably equate 
with Mercier's PglOd division, and comprise regularly-bedded packstones and calcarenites 
(locally rich in detrital quartz) with rare rudist debris, sponges, algae, bryozoa, echinoderms 
and bivalves. Fauna identified from this unit include Omphalocyclus macroporus, 
Lepidorbitoides socialis, L. minor, Siderolites calcitrapoides, Siderolites sp, Orbitoides 
media, Rotalidae, Rupertiidae and Textulariidae, suggesting an Upper Maastrichtian age. 
This facies is interpreted as a return to platform edge to upper shelf sedimentation and 
appears to reflect a gradual deepening of the depositional environment as the UTF passes 
into the Pelagonian Flysch Fm. 
Unfortunately, the contact with the Pelagonian Flysch Formation is not well exposed, but 
scrappy exposures of the uppermost carbonates comprise packstones and grainstones rich in 
echinoderms, rudist debris and foraminifera (Lepidorbitoides minor, Siderolites 
calcitrapoides and Orbitoides media). This unit probably equates to Merciers PglOe and f 
divisions. In the Kale gorge section the transition to flysch is somewhat better preserved, 
with the top of the Drossia Mbr marked by Orbitoides media-bearing packstones, which 
pass up section into light grey, nodular-bedded wackestones rich in large chambered forams, 
mica and ferruginous pellets, as typical of the Kipsari Passage Mbr (section 2.8.4). 
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2.8.3.2 North of the Nission Fault 
North of the Nission Fault the UTF forms a thin cap of neritic carbonates in unconformable 
contact with the KMF (Figs 2.6, 2.7b, 2.51 & 2.52). The base of the UTF in this region was 
dated as Upper Maastrichtian by Mercier (1968). However, new palaeontological data 
suggests a locally Upper Campanian age. Facies and palaeontological data suggest that 
these sequences equate with the upper levels of the Drossia Mbr and the Kipsari Passage 
Mbr. 
In the Tchouka region (Fig 2.52, logs 8 & 9) the base of the UTF is marked by a basal 
conglomerate rich in hematite stained, sub-angular marble clasts. Dark grey gritty marble 
clasts, reminiscent of lithologies of the KGF, form at least 40% of the clasts in these 
conglomerates, suggesting some degree of outside input of detritus. This would also suggest 
that the KGF was originally deposited on the Kaimaktchalan massif prior to Eohellenic 
deformation, but was subsequently completely eroded. These conglomerates pass into gritty 
packstones with scattered Orbitoides media and sparse, winnowed, rudist and coralline 
fragments. The Orbitoides media-rich horizons also contain appreciable amounts of quartz 
and mica, resulting in bedding-parallel stylolites and flaser bedding. Interbedded with this 
facies are thin horizons rich in large angular rudist fragments (Radiolitids), and local 
clusters (in life position) of Hippuritella cf. cornucopiae (Plate 2.20) which is of 
Maastrichtian age (Dr T. Steuber, pers comm, 1992). Moving eastwards these carbonates 
rapidly pass into the PFF. 
Logs 4, 5 & 6 (Fig 2.51, forestry track-cuts north of Tchouka) offer excellent sections 
through facies typical of the UTF. In Log 4 the first overlying Cretaceous unit consists of a 
red stained, bioclastic packstone rich in small, well rounded, rudist fragments. Rare pebbles 
of marble are also encountered in this basal unit, which passes up into a packstone rich in 
Orbitoides media and, in turn into extremely fossiliferous packstones rich in large rudist-
fragments, including local cemented clusters. Distinct coquina-style horizons up to 50cm 
thick are interbedded with these beds, and are rich in current oriented and winnowed rudist 
fragments. Moving up section the coquina horizons become interbedded with a more 
nodular-bedded, dark grey, micritic lithology low in macrofossils, although scattered, 
broken individuals are locally preserved. This unit is moderately bioturbated, and preserves 
pelloidal and fenstral fabrics, suggestive of lagoonal facies (c.f. horizon 9/15, 
Toupkouvkamen section). This horizon is erosively truncated by a thick bioclastic packstone 
rich in Orbitoides media, Lepidorbitoides sp., Clypeorbis sp., Cybalopora sp., 
Omphalocyclus macroporus and large rudist fragments. The presence of in-situ life 
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assemblages of rudists was noted within this unit, although the majority of individuals are 
broken and show evidence of current attrition. 
Logs 5 and 6 display a similar sequence of lithologies, although in-situ rudist reef build-ups 
are well developed in log 6. The presence of Hippuritella variabilis, Pironaea timacensis 
and Vaccinities sp. (Plate 2.20) in this section indicate a probable Late Campanian-Lower 
Maastrichtian age (Dr T. Steuber, pers comm. 1992). Small hippuritids with reduced or 
absent ligamental pillars are also present (Plate.2.20). The hinge apparatus is not shown in 
these forms and hence they were impossible to identify. Of interest in section 5 is the 
presence of thin emergent horizons and fissures within the Cretaceous carbonates 
(horizons 7 & 8, log 5, Plate 2.1 8D). Laterally the central red horizon of Plate 2.1 8D can be 
traced into a clear stratigraphic break, with the underlying bioclastic packstone being 
truncated by a bauxite crust. The area shown in Plate 2.18D,however, is clearly a horizontal 
fissure developed within the bioclastic packstone, as the small vertical rudist shell in the left 
centre of the plate can be traced across the central red horizon. Moving laterally again the 
central red division pinches out, with no trace of the fissure. The gritty packstone of the 
central division, rich in extremely winnowed, mm-sized shell debris set in a red bauxitic 
marl, is hence a fissure-fill. The presence of red marly and bauxitic infills to the central 
cavities of several large rudists associated with this horizon suggests that the fissure and 
emergent events occurred shortly after lithification of the carbonate, but prior to deposition 
of any secondary calcite within the shelly material. The above described horizontal fissure is 
exceptional, however, and the more typical emergent horizons in this section consist of 
bioclastic packsto.e that is sharply truncated and partly brecciated at their upper surface 
(e.g. top horizon 8). Three such emergent surfaces were identified, each surface being in 
turn overlain by fossiliferous neritic carbonates. 
In the southern part of the Kaimaktchalan massif (Fig 2.52, log 11) the base of the UTF is 
marked by a conglomerate which is unconformable over strongly weathered marbles. The 
lowest Cretaceous unit is a red, nodular-bedded, muddy limestone (the nodularity defined by 
small indeterminate hippuritids with reduced or absent ligamental pillars identical to those 
developed in log 6). Rare coralline and oyster debris are also found in this unit, which has a 
sharp upper contact with in-situ rudist reef limestone (identical in fauna and facies to logs 4, 
5 and 6). This reef limestone is overlain by nodular-bedded, gritty, bioturbated, packstones, 
rich in mica and large benthic forams; a facies which signals the passage to flysch in the 
UTF. The top of this unit is locally marked by an intra-formational conglomerate with 
very thin bauxitic crusts, which is sharply overlain by unit 5. This unit is a strongly 
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bioturbated, nodular-bedded wackstone rich in mica, and marks the transition to overlying 
flysch. 
In the extreme north of the area (Fig 2.51, logs 1, 2 & 3) the UTF is extremely thin and 
considerably recrystallised following Tertiary deformation. Despite this, very similar facies 
to those described above are recognisable, and pass rapidly in to flysch sediments of the 
PFF. 
2.8.3.3 South of the Toupkouvkamen region 
Immediatly south of the main road to Edessa (Megalo Kastro region, Fig 2.13) the UTF is in 
unconformable, and locally tectonic, contact with the Pelagonian Ophiolite Nappe. The 
basal lithologies in this region comprise muddy carbonates rich in Cyclolites sp. (Plate 
2.14), very rare echinoderm debris and bioclastic packstones rich in rudist debris. Moving 
uphill towards the south a very poorly sorted conglomeratic lithology pinches in, rich in 
well-rounded pebbles of milky quartz, chert, serpentinite, dunite and rare spilite. The 
majority of these clasts display ferruginous coatings. This conglomerate passes 
gradationally upwards into a spectacularly fossiliferous pebbly mudstone and bioclastic grey 
limestones typical of the Rudist Breccia Mbr (Plates 2.11D & 2.19A). Fossils include 
abundant Cyclolites sp, Acteonella sp, solitary and colonial corals (identical to 
Toupkouvkamen section), echinoderms, bivalves and rare broken Vaccenites Atheniensis 
(Plates 2.14 & 2.15). 
Moving southwards along the line of the unconformity, it becomes clear that the strip of 
Brown Schist mapped (IGME 1:50 000 Arnissa sheet) to overlie the ophiolite and underlie 
the Cretaceous Transgressive Group is, in fact, a conglomerate of Cretaceous age (Fig 2.13). 
The lack of a penetrative cleavage and lineation, the presence of ferruginous coatings and 
sideritic concretions, and the abundance of water-worn clasts support this. The local 
occurrence of fossiliferous pockets of Cretaceous fauna, including spectacular Vaccenites 
atheniensis beds is in keeping with this interpretation. 
South of this locality the base of the UTF is well exposed in the Mavro Rema section (Fig 
2.12a). There is again evidence from this region for reworking of the ophiolitic melange 
during the Cretaceous, to produce a basal conglomerate which is overlain by highly 
fossiliferous rudist packstones of the Rudist Breccia Mbr and thin-bedded pelagic micrites 
of the Toupkouvkamen Mbr. Some 500m south of Mavro Rema, conglomerates of the LTF 
first appear, and the basal Rudist Breccia Mbr is in slight angular contact over 
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conglomerates of the LTF. Mercier (1968) dated the base of the UTF as Upper Santonian-
Lower Campanian in this region. 
This same contact is also very well exposed in the Kato Grammatiko-Ano Grammatiko road 
section (Fig 2.56), with the basal Rudist Breccia Mbr sitting, apparently with a slight 
angular discordance, upon the underlying LTF. The Rudist Breccia Mbr at this locality 
(horizon 5) is spectacularly fossiliferous in well preserved large Vaccinites atheniensis 
forms which are encrusted by smaller Radiolitids (Lapeirouseia sp, Dr T. Steuber pers 
comm. 1992, Plate 2.16). All the rudists are undoubtedly in life position. This unit is very 
nodular-bedded and is gradationally overlain by interbedded Pelagonian marble-derived 
conglomerates and thin-bedded micrites from which Braud (1967) identified a probable 
Senonian Globotruncana sp. fauna. It would hence appear that the Toupkouvkamen Mbr 
is present in this section, but is no more than 4m thick. These lithologies are overlain by 
more massive-bedded light grey to beige rudist and Acteonella sp.-bearing carbonates which 
preserve rudists (Lapeirouseia sp, Plate 2.16) in both life position and as reworked shell 
coquinas. These lithologies persist for some 50m until Orbitoides media-bearing packstones 
are encountered, which pass back into rudist-bearing packstones and grainstones typical of 
the Drossia Mbr. Some lOOm beyond the Orbitoides sp.-bearing horizon the contact to the 
PFF is encountered, albeit somewhat faulted. Braud (1967) dated the top of the UTF as Late 
Maastrichtian in this section. 
In the Bela Reka section (Fig 2.55a) the passage from the LTF to the UTF is again marked 
by an erosional contact (between horizons 53 & 54). The uppermost beds of the LTF are 
unconformably overlain by a clast-supported conglomerate comprised of rounded to sub-
rounded, fine-grained, lithified rudites, arenites and more angular slabs" of the underlying 
platy carbonates (Plate 2.1 1C). Rare marble clasts are also exposed in this conglomerate, 
which has a distinctive onlapping contact with the underlying LTF and, perhaps more 
significantly, an onlapping contact to small normal faults (with up to 30cm throws) 
exposed in the LTF. Several of the platy carbonate clasts in the conglomerate also show 
evidence of normal faulting which has not affected the surrounding matrix, and hence 
must have developed prior to incorporation into the conglomerate. The upper limit of 
the conglomerate is marked by a gradational contact to interbedded calcarenites, nodular-
bedded carbonates and thin-bedded black mudstones, which are generally iron-rich and 
putrid to smell. Horizon 56 consists of a im-thick carbonate rich in large Hippuritids 
(Vaccinites gaudryi, Mercier 1968, Upper Santonian-Lower Campanian and Radiolites 
fragments) in life position which is overlain by up to lOm of dark grey to black mudstone 
and nodular carbonate rich in small rudist fragments. These lithologies are here assigned to 
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the Rudist Breccia Mbr. The contact with the overlying cliff-forming limestones is, for the 
most part, gradational, but locally has been the focus of Tertiary movement. These cliff-
forming limestones are made of up to 200m of facies typical of the Drossia Member and are 
gradationally overlain by the PFF. It would hence appear that the Toupkouvkamen Mbr is 
not developed in this section. An identical sequence to that described above (i.e. an 
unconformable contact between the LTF and UTF) is exposed south of here (below spot 
height 1683m, Fig 2.9). 
In the Panagitsa region (GR534 359), some 3km south of the Bela Reka section, the LTF -
UTF contact is again well exposed in road cuts which connect Messovounon to Ano 
Vermion/Palio Ano Seli. However, the contact is clearly a tectonic one, following Tertiary 
thrusting. Lithologies of the UTF in this region comprise interbedded winnowed rudist-
bearing packstones and grainstones as typical of the Drossia Mbr, as well as local life 
assemblages of colonial corals and Radiolitid rudists. 
Time did not permit a detailed study of the UTF south of this region, but reconassance 
revealed a similar sequence of rudist bearing limestones to those described in the preceeding 
sections. 
2.83.4 Summary and depositional environment 
North of Mavro Rema the UTF unconformably overlies "basement" lithologies, including 
the Pelagonian Ophiolite Nappe and the Pelagonian Marble Group. The base of this 
transgression is of Upper Santonian-Lower Campanian age. The base of this 
transgression has also been dated as Upper Santonian-Lower Campanian south of Mavro 
Rema (Mercier 1968), where it is in unconformable contact over the LTF. Numerous 
authors (e.g. Platel et al. 1994, Masse & Philip 1981, Hancock & Kauffman 1979) have 
described the Campanian as one of the highest sea level strands of the Mesozoic, and 
typically associated with development of thick carbonate platforms. The UTF would hence 
appear to be related to this major transgressive phase. 
That the UTF is transgressive over a continental area in the Arnissa region is confirmed by 
the local presence of fossil soils and iron-pan sandstones which underwent slight reworking 
during the transgression. The first marginal marine sediments point to sedimentation in a 
high- energy littoral to shallow shelf setting, characterised by the deposition of shell and 
coquina horizons. Up section, conditions obviously became favourable for the establishment 
of solitary rudists and rudist bioherms, as represented by the in-situ to locally reworked 
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large Vaccinites atheniensis forms. This period of littoral to shallow marine sedimentation 
appears to have been relatively short-lived, however, and a marked deepening of the 
depositional environment from hemipelagic wackestones and packstones rich in 
oligosteginds through to Globotruncana sp.-bearing wackestones ensued (Fig 2.57). This 
entire sequence is very similar to the Campanian transgressive deposits recently described 
from the Haushi-Huqf region of Oman by Platel et al. (1994), which records Cyclolites sp.-
bearing silty mans passing up into Vaccinites sp. biostromes and ultimately platy-bedded 
hemipelagic carbonates. Platel et al. (1991) interpret the Vaccinites sp.-bearing bioherms as 
being deposited at an early stage of the transgression in a deltaic to perideltaic, shallow-
marine environment. Other authors (e.g. Freytet 1973, Grosheny & Philip 1989) have 
described similar Hippuritid build-ups from peri-deltaic settings. The abundance of large 
Hippuritids in these environments appears to reflect their preference for shallow-marine, 
low-energy muddy environments and the ability of their perforated upper valve to filter 
muddy water. Radiolitidae and Caprinidae lack this feature and hence develop in more 
agitated, clearer-water environments (e.g. overlying Drossia Mbr). With relation to the 
Pelagonian sequences (e.g. Toupkouvkamen region), a similar depositional setting is 
suggested, with continental to marginal-marine sediments passing up into rudist-
bearing bioherms, which were possibly deposited in a peri deltaic setting. The presence 
of argillaceous marls and thin sandy horizons in this interval, with plant and continentally-
derived detritus, is in keeping with this interpretation. The incorporation of detrital material 
in to the shell structure and walls of the Vaccinites atheniensis forms also confirms a detrital 
setting. 
These rudist bioherms were rapidly buried (and hence excellently preserved) by hemipelagic 
carbonates and marls (Toupkouvkamen Mbr) which record a marked deepening event, 
probably related to a landward pulse in the Campanian transgression. As well as being rich 
in hemipelagic forms (Oligosteginids & Globotruncana sp.), these carbonates also show a 
significant proportion of sand-to silt-sized reef-derived detritus, particularly at the base and 
at the top of this interval. Lithologically, these sediments are similar to the so called 
'Scaglia' deposits (Desio 1973) which are thought to represent fore-reef to open marine 
deposits (see Chapter Three). 
The eventual establishment (and probable prograding?) of a reef carbonate system above 
these hemipelagic carbonates is clearly documented in the Toupkouvkamen section, with the 
transition up-section from fore-reef/slope and platform-edge packstones initially rich in 
pelagic forams followed by benthic forams (Orbitoides media), algae and sand-sized nudist 
fragments. These packstones are overlain by a thick sequence of reef carbonates which 
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persist for most of the Campanian and Maastrichtian. Reef, reef-flat, shoal-beach, back-
reef and lagoonal environments are all clearly evident in this sequence. The abundance of 
winnowed bioclastic grainstones and packstones containing well-rounded skeletal deposits 
with reverse and normal grading are here interpreted as a shifting substrate within a shoal 
beach/reef-flat environment. The development of micritic envelopes to clasts within these 
lithologies is prolific and was probably related to the presence of the boring sponge Cliona 
sp. These lithologies are interbedded with rudstones rich in rudists which represent periodic 
development of coral-rudist bioherms, and lagoonal muds rich in miliolids and fenstral 
fabrics. The lack of preservation of the reef lithologies in life position is typical of rudist 
reefs (e.g. Polsak 1981) and is related to the lack of framework building organisms 
(epibionts) such as coralline algae and bryozoa and hence a resulting very porous reef. 
Consequently, periodic storm activity could have readily destroyed these bioherms and 
redeposited them as rudstones and packstones, with, in the most extreme cases, production 
of well-washed and well-sorted skeletal sands and abraded coquinas rich in benthic reef 
organisms. These sands must have formed above wave base where they were subject to 
constant wave action. The interfingering of bioherms and bioclastic limestones, thus, 
reflects the migration, local build-up and destruction of coral-rudist bioherms. The compact 
bioclastic grainstones form the ideal substrate for the development of these bioherms. 
In terms of a depositional model, the observed facies associations fit very well with those 
described by Polsak (1981) from the Inner Dinarides and Masse & Philip (1981) from 
France for barrier reef build-ups (Fig 2.59). In such a setting, lagoonal facies are 
characterised by marly silts rich in Hippuritid build-ups and interbedded fluvial-derived 
muds and sands (as represented by the Rudist Breccia Mbr and fenstral micrites in the 
Drossia Mbr), whilst the reef-flat to fore-reef environments are rich in winnowed packstones 
and grainstones (Drossia Mbr). The Drossia Mbr in the Toupkouvkamen region appears to 
preserve predominantly reef-flat to reef-front environments when compared to Polsak's 
(1981) interpretation. 
North of the Nission Fault the Cretaceous transgression is markedly younger (Upper 
Campanian-Maastrichtian), probably reflecting the Kaimaktchalan massif remaining as a 
(fault-bounded) topographic high throughout much of the Cretaceous. The first transgressive 
facies in this region are of littoral/marginal-marine to shallow-shelf origin, which 
persisted until the transition to flysch in the Latest Maastrichtian. Locally in-situ rudist reefs 
and lagoonal sediments are well exposed, and preserve a reef-flat environment which was 
not subject to the vigorous reworking typical of the Drossia Mbr south of the Nission Fault. 
Periodic subaerial emergence associated with the formation of fissures and bauxitic crusts 
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Fig 2.59a Sedi.mentological model of a Upper Cretaceous biolithic complex from the 
Inner Dinarides, former Yugoslavia (from Polsak, 1981). Facies associations from the 
Toupkouvkanien section, and indeed all the UTF, compare well to this model. The rudist 
breccia Mbr shows a similar facies association to Polsak's lagoonal setting, whilst the 
Drossia Mbr correlates well with reef-flat to reef — front environments. The 
Toupkouvkamen Mbr appears to preserve a fore-reef to hemipelagic setting. 
Fig 2.59b Schematic reconstruction of an Upper Cretaceous carbonate platform with 
coral-rudist development (from Masse & Philip, 1981). a- Coral/rudistlalgal buildup. b-
Bioclastic talus. c- Reef breccias. d- basinal marls. e- Rudist -foraminiferal carbonate 
muds. f- lagoonal marls. g- Fluvio-deltaic sandstones. Again, facies associations of the 
IJTF fit this model well, which is essentially similar to Polsak's model above. 
testifies to extremely shallow environments of deposition in this region. It is possible that 
these emergent horizons were related to fore-bulge development ahead of advancing 
Tertiary thrust sheets (Chapter Seven), but if so they pre-date collision by some years. Most 
probably they were related to local fault-block movements coupled with sea-level 
variations. 
South of Mavro Rema the UTF is in unconformable contact over the LTF. That this contact 
represents a depositional hiatus is not doubted, but the timing and origin of this 
unconformity is uncertain. By comparison to the Western Almopias zone, Mercier (p334, 
1968) related the thick clastic interval between the Upper Turonian and Campanian, which 
is recorded in the Kerassia and Kedronas Units (see Chapter Three), to uplift and erosion of 
the Pelagonian zone and the production of the unconformity at the top of the LTF. This 
period also equates to a major sea level fall (Hancock & Kaufmann 1979, Haq et al. 1987). 
This sea level fall is hence a possible mechanism for the production of the LTF-UTF 
unconformity. 
However, facies analysis of the Cretaceous sequences of the Western Almopias zone 
(Chapter Three) reveals abundant evidence for a dramatic subsidence event/sea level rise 
from ?Cenomanian-Turonian times through to Campanian times, typically associated 
with extensional faulting and drowning of carbonate platforms (Kerassia Unit) and 
trasgression of subaerially exposed regions (Kedronas Unit). This extensional event is also 
well developed in the Paikon zone (Cenomanian-Turonian boundary, Sharp & Robertson 
1992, & Chapter Six) and elsewhere in mainland Greece (See Chapter Six for a detailed 
discussion). 
Evidence for prolific syn-sedimentary faulting throughout the LTF was also encountered 
(particularly well developed in the Bela Reka section, for example). Extensional faults 
developed in the LTF are effectively "sealed" by the overlying UTF, and hence constitute 
evidence for an extensional-related event prior to the unconformity. This extensional event 
may have affected the eastern Pelagonian zone some time prior to Coniacian sea level fall 
(i.e. is related to the extensional faulting present in the Almopias zone), and resulted in the 
deposition of the clastic Bela Reka Member. The similarities between the Bela Reka section 
and Kedronas Unit supports this (Chapter Three). In the KedronaS Unit the contact between 
the underlying clastic sequence and overlying rudist reefal limestones is conformable and 
of Late Campanian age (i.e. the same age as the base of the UTF). It is thus possible that 
the UTF-LTF contact in the Pelagonian zone is of the same age, and that the LTF extends in 
to the Santonian-Campanian. However, the unconformity between the LTF and UTF in the 
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Pelagonain zone is clear, and suggests a period of non-deposition. Only future 
palaeontological work will pick out the length of this period. In this thesis it is suggested 
that, following marked subsidence from Cenomanian-Turonian times onwards, the 
Pelagonian zone was locally uplifted during the Late Coniacian and/or Santonian?, resulting 
in the LTF/UTF unconformity, and a corresponding increase in clastics at this time in the 
Western Almopias zone. This is follwed by the Late Cretaceous sea-level high and the 
establishment of extensive reefal I imestones. 
The overlying UTF in the Vermion is characterised by reef, fore-reef, reef-flat and lagoonal 
sediments identical to those developed in the Toupkouvkamen section. By Campanian-
Maastrichtian times the development of biolithic complexes and coral-rudist reefs all along 
the eastern Pelagonian zone had reached their maximum extent. However, during the Latest 
Maastrichtian, a marked change in sedimentary environment is again recorded, as these 
platform carbonates show a deepening in depositional environment, associated with the 
transition to flysch sedimentation. This is discussed in the following section. 
2.8.4 Kipsari Passage Member - the transition to flysch 
The top of the UTF is marked by the Kipsari Passage Member (KPM), which equates with 
the PglOf 'Les couches de passage au Flysch" and Pg5a "Les calcaires marneux a 
Globotruncana' of Mercier (1968) and Braud (1967), respectively (Figs 2.4 & 2.53). The 
transition to flysch sedimentation is remarkably similar throughout the study area, 
invariably occuring during the Latest Maastrichtian. Mercier (1968) concluded that the 
foraminiferal assemblage in this member was of uppermost Maastrichtian age, but excluded 
the base Paleocene (Danian). This member takes its name from the Kipsari region, which 
forms a ridge of Cretaceous limestones which are truncated against the Nission Fault, 5km 
NNE of Drossia (GR540 500). In this region exposures along the line of the Panagytsa-
Nission dirt road record the transition from the UTF to the PFF in an easily accessible 
section (Fig 2.60a & b). Lithologies of the basal part of the Pelagonian Flysch Formation are 
also partly described in the following sections for the ease of presentation. 
2.8.4.1 Type section - Kipsari 
The uppermost levels of the UTF in this region (Kipsari Passage Mbr) consist of 
interbeuded, micaceous, dark grey to buff/beige, thin-and wavy-(flaser) bedded (10-20cm 
thick) wackstones and local packstones (horizon 1, Fig 2.59a & Plate 2.19F). This unit is 
extensively bioturbated (Zoophycos, Rhizocorallium and Teicichnus-style burrows), locally 
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rippled and rich in large benthic forams (Orbitoides media, Rotalia Skourensis), Miliolids, 
scattered rudist, coralline, gastropod (?Nerineacea sp) and ?oyster debris, calcispheres, rare 
Globotruncana sp. and Globegerina sp. fragments, Hetero helix and multiserial 
Heterhelicidae forams. Scattered iron concretions are also developed, locally concentrated 
around faecal pellets and areas of bioturbation. Slump structures are present towards the 
contact with the overlying arenites and mudstones. In thin section (Plate 2.19F) these 
topmost carbonates comprise extremely detrital, poorly-washed to packed biomicrites, rich 
in sand-and smaller-sized shel iy fragments (rudists, crinoidal-echinoderm and Inoceramus-
derived calcite plates, most of which show evidence of boring), as well as Pelagonian 
marble-derived pebbles, mica-schists, quartz and mica. A local concentration of shelly fauna 
and forams in pockets was noted and pelagic forams increase in abundance up section. This 
lithology passes, over a short interval, into an interbedded sequence of micaceous siltstones, 
arenites and calcarenites (enlarged section Fig 2.60b) of the Pelagonian Flysch Formation 
(PFF). 
The basal mudstones of the PFF (sample 14/13, Fig 2.60b & Plate 2.21D) comprise chloritic 
calcareous mudstone and/or packed to sparse biomicrites extremely rich in Globotruncana, 
Globeriginids and Heterohelix forms, but also angular fragments of Orbitoides, Siderolites 
calcitrapoides, Omphalocyclus macroporus, miliolids, algae and rare bored rudist fragments 
(Plate 2.21D & E, Plate 2.22D). One Surivania likvae form was also identified. The majority 
of these benthic forms are preserved in graded horizons within what otherwise is a pelagic 
mudstone/micrite. The detrital component of this lithology comprises bedding-parallel mica 
and sub-rounded qua:tz (forming between 50-60% of the clasts), and rare marble fragm.nts. 
The basal arenites of the PFF (sample 16/13, Fig 2.60b) are typically normal-graded, 
ferruginous, micaceous, and erosive based. In thin section (Plate 2.23C), these arenites can 
be classified as lithic greywackes composed of monocrystalline sub-angular to sub-rounded 
quartz, minor mica, glauconite, deformed volcanic quartz, plagioclase feldspar and chloritic 
schist fragments. Internal sorting is poor and the lithology is generally very immature. The 
matrix is locally calcareous. 
Interbedded with the above two described lithologies are distinctive ferruginous, poorly 
sorted, calcarenites which are rich in Cretaceous carbonate-(Drossia Mbr) and basement-
(Pelagonian marble and metamorphic) derived clasts (sample 15/13, Fig 2.60b, Plate 2.2A, 
B & Q. Individual Orbitoides sp. can be seen weathering out in these calcarenitic horizons 
at outcrop. In thin section these lithologies were found to be rich in the following diverse 
range of clasts: Pelagonian marble fragments, quartz (as individual angular to sub-angular 
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grains), polycrystalline quartz rock fragments, metamorphic clasts, siltstone and sandstone 
"rip-up" clasts and micritic limestones (rich in Globegerina and oligosteginids). The fauna 
present are equally diverse, including; Orbitoides media, Omphalocyclus macroporus, 
Siderolites calcitrapoides (Plate 2.21 A, B & C), red algae (archaeolithanium), Rotalia 
Skourensis, echinoderm fragments, rare Globotruncana sp, bored Radiolitadae and 
Hippuritidae fragments, miliolids and rodoliths. The majority of these fossils and clasts are 
aligned bedding-parallel but the unit is generally very immature, poorly sorted and clearly 
rapidly deposited. 
Siltstones and mudstones are subordinate in this section, but are typically rich in mica, 
bioturbated, and preserve scattered foliage fragments. These mudstones are also extremely 
rich in pelagic forams, including Globotruncana sp, Globeriginids, multiserial 
Heterohelicidae and ostracods. 
The two amalgamated arenites at the top of the expanded section (Fig 2.60b) display trough 
cross-sets which are over-turned in their upper part; testimony to rapid deposition (Plate 
2.22A). Up section, the arenite beds die out and are replaced by planar-laminated, olive 
green, chloritic, soft weathering, mudstones which locally preserve horizontal grazing trails 
on their upper surface, including abundant Heminthoida ?molassica (Plate 2.22B), an 
ichnogenus typical of Cretaceous and Tertiary flysch (Ksiazkiewicz 1970 & 1977). Rounded 
olistoliths (up to 3m 2) undoubtedly derived from the upper levels of the UTF (probably the 
Kipsari Passage Mbr), are also encountered. 
2.8.4.2 Passage to flysch - Arnissa region 
Localised bedding plane exposures at the end of the Toupkouvkamen section reveal 
identical lithologies to those described above including micaceous, flaser-bedded 
wackestones and packstones which mark the top of the Drossia Mbr and the transition to 
flysch by way of the Kipsari Passage Mbr. This unit is strongly bioturbated, with iron 
staining and large chambered forams becoming apparent some 5m below the contact with 
chloritic mudstones of the PFF. Scrappy exposures along the road side reveal the PFF to 
comprise interbedded arenites (normal-graded with erosional bases), marly siltstones and 
sideritic mudstones (Fig 2.61e). The mudstones are rich in Globotruncana sp., whilst the 
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Fig 2.60 Sedimentological sections of the Kipsari Passage Mbr (KPM). a & b - Kipsari 
type section exposed along the Panagytsa-Nission dirt road (GR540 500). c - road and 
sueam section north of Panagytsa (Vermion. GR537 359). d - su-eam section east of Bela 
Reka (GR535 375). In both sections c & d a hardground is developed prior to the 
transition to the Pelagonian Flysch Fm. 
'3 
-4 
The transition to flysch is also well exposed at the eastern end of the Kale gorge (GR541 
486) and at the southern end of the Arnissa IGME sheet uphill from the Mavro Rema 
section (GR535 404). At the latter locality, Orbitoides media-bearing packstones are seen to 
pass rapidly into typical gritty, flaser-bedded and bioturbated wackestones and packstones 
of the Kipsari Passage Mbr. These lithologies are locally iron-and mica-rich and pass very 
gradationally into a thick sequence of the PFF. Campion (1966) described this section in 
detail (See Fig 2.6 Ia). 
2.8.4.3 Transition to tlysch - Kaimaktchalan massif 
The transition to flysch is well exposed in forestry track cuts from Tchouka down to Kato 
Khorifi (Fig 2.52, log 7). In this section brecciated and karstic-weathered marbles of the 
KMF are overlain by a thin, gritty packstone horizon rich in mm-sized, reddened, rudist 
fragments. The entire UTF sequence is less than 50m thick, and predominately consists of 
nodular-and flaser-bedded gritty packstones, locally rich in Orbitoides sp. and scattered 
small rudist and echinoderm fragments. This entire unit (horizon 5) is strongly bioturbated. 
The passage to flysch is clearly gradational over a lOm interval, with the packstones of 
horizon 5 becoming more micritic in nature as they pass into horizon 6. This horizon 
consists of strongly bioturbated, nodular and flaggy/flaser-bedded, micritic wackestones as 
typical of the KPM. The bioturbation has resulted in a marked light grey and buff mottling 
to the entire unit. Large chambered forams, abundant mica and mm-sized ferruginous pellets 
also characterise this unit, which passes into a thick sequence of buff and olive green 
calcareous mudstones of the PFF. Horizontal grazing trails (Helminthoida molassica) and 
scattered foliage fragments are occasionally observable on bedding plane exposures in these 
units. Towards the end of this section the mudstone is overlain by micaceous, planar-
laminated, siltstones and immature, normal-graded litharenites. 
In the southern part of the Kaimaktchalan massif (Fig 2.52, logs 10, 11 and 12) the topmost 
Cretaceous lithologies of the Drossia Mbr are typified by flaser-bedded, Orbitoides sp. -rich, 
packstone to wackestones which contain sparse rounded rudist and echinoderm fragments. 
A gradational upper contact to the Kipsari Passage Mbr and PFF is marked by the 
appearance of micaceous, strongly bioturbated, buff and light grey wackestones and 
packstones (horizons 2 and 3, log 10), which pass progressively into dull buff and khaki 
mudstones, micaceous siltstones and fine-grained, normal-graded litharenites of the PFF. 
These litharenites have faintly loaded bases and are generally ferruginous. The micaceous 
siltstones and mudstones contain abundant bed top meandering grazing trails of the Nerites 
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ichnofacies (Seilacher 1967), including abundant Helminthoida (?) molassica and Gordia 
marina. 
Log 12 (Fig 2.52) displays a similar sequence, although the topmost carbonates consist of a 
thick horizon of bioturbated, locally. ferruginous, nodular-bedded wackestones and 
packstones with conspicuous interbeds of calcarenites rich in Orbiroides sp. and Pelagonian-
derived marble clasts (c.f. Kipsari section). The overlying flysch consists of khaki and olive 
green mudstones, micaceous siltstones and graded litharenites. 
2.8.4.4 Transition to flysch- Vermion 
In the Strondeghi and Kato Grammatiko regions Campion (1966) and Braud (1967) 
identified Lepidorbites sp. cf . L.minor, Omphalocyclus macroporus & Orbitoides cf 
apiculata from the topmost limestones. Lithologically these limestones are identical to those 
described in the preceding sections from the KPM. 
In the Bela Reka region the Haut Vermion Nappe was locally found to be in direct thrust 
contact over the UTF, with the PFF completely cut out (Fig 2.9). However, the transitional 
nature of the UTF-PFF contact is well exposed on the low hills south of Bela Reka (GR535 
375). Figure 2.60d is a log of this sequence, and clearly shows a similar sequence to the 
Arnissa and Kaimaktchalan regions. Of note in this region, the uppermost levels of the 
Drossia Mbr (horizon I Fig 2.60d, shelly, arenitic packstone) is locally marked by iron 
staining, crusts (3mm thick at max), extensive bioturbation and boring into what must have 
been a semi-lithified substrate; i.e a hardground (Plate 2.18C). Several of these boreholes 
are backfilled by ferruginous faecal pellets and pelagic micrite. These features are very 
similar to the transition to flysch preserved in the Western Almopias zone (Chapter Three). 
The contact with the overlying micrites of the KPM is again gradational, with a marked 
ferruginous content to the sediment. The presence of iron concretions, extensive 
bioturbation and small-pocket like concentrations of shell and foram debris also characterise 
this horizon. The overlying sparse biomicrites and mudstones are rich in large chambered 
forams (including Globotruncana conica, G. stuarti, G. linneiana, Hetero helix, 
Heterohelicidae and sparse benthic foram fragments) with iron infills, foliage fragments, 
bedding-parallel mica and quartz, echinoderm spines, calcispheres (which progressively 
become less common up section) and unidentifiable shelly fragments. These lithologies are 
extensively bioturbated (Helminthoida molassica, tiered maze Zoophycos, Glockeria and 
Jpndrites) and pass upwards into current-rippled, planar-laminated and bioturbated arenites 
and micaceous siltstones of the PFF. In thin section these arenites can be classified as 
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poorly-sorted, clast-supported, lithic to quartz greywackes, with quartz locally forming up to 
80% of the clasts associated with minor mica, feldspar, carbonate and mica schist 
fragments. 
Very similar sections to those described above are widely exposed in the central and 
southern Vermion, for example east of Reis Tsifliki along road and stream sections north of 
Panagitsa (GR537 359, Fig 2.60c), 1.2 km east of Zulana? (spot height 1453, GR512 339) 
and 1.5km east of Lia Lofos (spot height 11 19m, GR507 319). The Panagitsa section (Fig 
2.60c) again records the presence of a iron-encrusted and bored hardground (particularly 
well exposed in the river bed). 
2.8.5 Pelagonian Flysch Formation 
The KPM passes up into a thick sequence of monotonous mudstones, siltstones and 
sandstones which constitute the Pelagonian Flysch Formation (PFF). Mercier (1968), 
Campion (1966) and Braud (1967) divided this formation into three distinct members (Pg 
1 la, b & c, Figs 2.53, 2.61a & b). 
The basal levels of the PFF (division Pglla of Mercier, Fig 2.53 & 2.61) comprise 
calcareous mudstones and thin bedded-micrites. This division yielded Globotruncana arca, 
G. stuarti, Hedbergella sp and Globigerinelloides (Mercier 1968) and passes rapidly into an 
interbedded sequence of green, brown and dark grey sandstones, calcarenites, siltstones, 
calcareous mudstones and chloritic mudstones (division Pgl ib). The mudstones yielded 
Globotruncana globigerinoides, G. arca, G. contusa, G. lapparenti, G. calciformis, G. cf. 
caliciformis, G. Bulloides, G. linnei, G. mayaroensis, G. stuarti and G. gr. stuarti-
stuartiformis, whilst the calcarenites yield a mixed benthic-pelagic assemblage including 
Globotruncana arca, G. gr, lapparenti, Hedbergella sp, Orbitoides media, Siderolites sp, 
Rotalia sp and Verneuillinidae (Mercier 1968, Campion 1966, Braud 1967 & this work, 
Plate 2.21F & 2.22C & D). 
The upper levels of the PFF consists of an interbedded sequence of green, grey and black, 
planar-laminated, micaceous, siltstones and chloritic mudstones (generally non-calcareous), 
with thin, interbedded sandstones which pass gradationally up section into a more sand-
dominated sequence. This sequence was first described by Campion (1966) from the 
Kedrunas region where it is exposed in a footwall synclinal structure to the Almopias thrust 
(Fig 2.61a). The sediments exposed in the core of this syncline hence form the uppermost 
levels of the PFF and comprise immature, poorly sorted, ferruginous, conglomeratic arenites 
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(coarse-to medium-grained gritstones). These arenites are extremely micaceous and rich in 
clasts of mica schist, quartzite, marble, structurless micrites, milky quartz, rare detrital 
serpentinite and rip-up clasts of mudstone (Plate 2.23A & B). These sandstone are also 
extremely rich in fresh acidic and tholeiitic volcanic clasts (Plate 2.23A & B) of unknown 
provenance (active volcanism of Late Cretaceous age is not known in Greece, but has been 
documented in former Yugoslavia, Kemenci & Canovic 1975). Possibly these clasts 
represent eroded fragments of ophiolitic material emplaced during Tertiary deformation. 
The route of the New Florina-Edessa road (continuation of the Toupkouvkamen section) has 
exposed a comparable flysch sequence to that described above. Figure 2.61e is a section of 
the lower to middle part of this sequence which consists of monotonous, planar-bedded and 
bioturbated, chioritic mudstones rich in Globotruncana sp., Globogerinids sp., Heterohelix, 
and multiserial Heterohelicidae forams and ostracods (Plates 2.21F & G & 2.22C), 
punctuated by sparse turbiditic arenites. The top of the arenitic horizons are also covered by 
horizontal grazing trails (Helminthoida molassica). Several of the pelagic forams from this 
section show close affinities with spinose Tertiary (Paleocene) forms (Plate 2.21G, 
?Rugoglobigerines). This sequence persists for some 70m. Where the new road crosses the 
railway line at the eastern end of the Toupkouvkamen section lithologies similar to those 
exposed in the core of the synclinal structure described above are present. The contact 
between this division and the underlying predominantly pelitic sequence appears to be 
slightly angular (and possibly the focus of tectonic movement). The overlying flysch 
sediments comprise extremely poorly sorted and cemented, immature, deep red-brown 
arenites, buff siltstones and red, brown and buff mudstones. The arenites are invariably 
erosive into the underlying mudstones and siltstones and are locally cross bedded and 
preserve climbing ripple sets. Clasts within the arenites have well developed red clay rims 
(Plate 2.23D). This entire structurally and stratigraphically highest sequence is very poorly 
sorted and immature and clearly marks a change in the sedimentary environment of 
deposition relative to the lower levels (Pgl la & b). - 
In the Kaimaktchalan massif the continuation of log 7 (Fig 2.52) gives good intermittent 
outcrops of the PFF (Fig 2.61c). The upper levels of the section expose olive green and 
khaki mudstones (locally calcareous), with minor fine-to medium-grained, micaceous and 
immature litharenite interbeds. In the more calcareous mudstones transported assemblages 
of mm-sized shell and foram debris concentrated in small scour structures are present. Pyrite 
and iron minerals are locally associated with these scours. The occurrence of bedding-
parallel calcareous concretions, up to 30cm long locally (horizons I & 2, Fig 2.61c), 
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Fig 2.61a Sketch section of the passage to flysch and Pelagonian Flysch Fm (PFF) 
exposed west of Kedronnas (From Campion 1966). The "gritty" arenites exposed in the 
river valley form the stratigraphically highest lithologies of the PFF in this region. These 
arenites also form the core of a large Tertiary syncline. 
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Fig 2.61b Sketch section of the passage to flysch and PFF exposed in the Tchouka region 
(from Mercier 1968). 
lithologies are up to 35m thick and are overlain by planar-bedded, fine-to medium-grained, 
highly micaceous litharenites. Rare foliage fragments were also encountered in these 
arenites, which have sharp, erosional bases and planar tops on which the plant debris is 
preserved. One slump fold in this section has an axial trend of 3500  and verges towards the 
east. Intermittent outcrops continue down the road and expose micaceous, medium-grained, 
litharenites, locally very rich in foliage fragments. Sedimentary structures comprise sharp 
bed tops and bases, planar-laminations, rare climbing ripples and cross lamination. 
Bioturbation is locally extensive and includes Chondrites, Nerites, Planolites and 
He/mint hoida mo/assica forms. Immature, poorly sorted calcarenites identical to those 
described from the Kipsari region (sample 15/13, Fig 2.60b) are also exposed. 
Figure 2.61d is a section of the flysch WSW of Kato Khorifi (track cuts) and exposes 
similar lithologies to those described above. X-ray diffraction analysis of mudstones from 
this region reveal mudstones rich in feldspar (albite, orthoclase and sanadine) or quartz and 
muscovite. The majority of feldspar present in these samples is secondary and related to 
greenschist facies metamorphism during Tertiary (Neohellenic) deformation. Ichnofabrics 
typical of the Nerites facies are again abundant in this section. Generally, as one moves 
further eastwards in the Kato Khorifi region the PFF takes on a locally marked schistocity 
and fold and internal shear surfaces become locally prolific. This is related to the proximity 
of the Almoipias Thrust. The establishment of a detailed stratigraphy for the PFF is thus 
problematic, with stratigraphic cut-out and repetition clearly occurring (also hindered by the 
fact that lithologies of the PFF form fertile orchard growing land in this region and are 
hence little exposed). 
Exposures of the PFF in the Vermion suffer the same fate described above, i.e. structural 
complexities, including pervasive shearing, folding and reverse faulting, coupled with 
intermittent exposure (the sediments of the flysch generally form rolling grassland in the 
high Vermion). However, for the most part lithologies exposed are identical to those 
described above, with micaceous mudstones and thin-bedded litharenites predominating. Up 
section 'gritty", poorly sorted arenites are also developed and probably equate with the 
"gritty" arenites which occupy the stratigraphically highest levels of the PFF in the 
Kedronnas and Toupkouvkamen regions. These arenites are often exposed as "strain 
hardened" outcrops adjacent to the Almopias Thrust. Milky quartz and lithic schist 
fragments are common constituents, as are angular rip-up clasts mudstone. The entire PFF 
sequence is relatively argillaceous and monotonous in the Vermion apart from these upper 
"gritty" horizons. 
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One good section through the basal part of the PFF is exposed in road-cuts in the Panagitsa 
region, comprising strongly bioturbated arenites, siltstones and mudstones (Fig 2.60c). The 
ichnofacies assemblage at this locality is diverse, including Heliminthoida molassica-
labyrinthica, Gordia marina, Caridolites, tiered maze Zoophycos and Chondrites, and 
meandering Planolites to Nerites-style grazing trails. In the muddy units the presence of 
highly organised Chondrites-type systems are particularly prolific. Up section, planar-
laminated, trough cross-bedded and ripple drift bedded arenites become more common, with 
pronounced bioturbation picked out at the base of individual arenites (Planolites being 
particularly abundant). ?Bivalve resting traces were also encountered, and micaceous 
siltstones replace the mudstone horizons. All the arenites are very immature and poorly 
sorted. Foliage fragments become common in both the siltstones and arenites, as do load 
structures. The bioturbation gradually dies out as the sequence becomes sand dominated up 
section. 
In conclusion, divisions Pgl la & b of the PFF (Mercier 1968) were always recognisable 
during the course of this study, but a coherent stratigraphy above these levels is difficult to 
establish due to both structural complexities and poor exposure. This study would tend to 
suggest an increase in coarse, clastic sediments up section (gritty, immature arenites), and 
not a return to pelitic sedimentation as suggested by Mercier (1968). This conclusion is 
similar to that suggested by Campion (1966). These upper sediments also appear to signal a 
marked change in the environment of deposition from pelagic-hemipelagic 
sedimentation with minor turbiditic input to true flysch-style deposition. Thickness 
estimates for the PF1 are difficult, but Campion's (1966) Kedronas section (Fig 2.61a) 
would suggest up to 300m of interbedded mudstones and thin-bedded arenites were 
deposited prior to the deposition of the gritty arenites and non-calcareous mudstones. With 
regard to the age of the PFF, an Upper Maastrichtian date for the base of the PFF has been 
known for a long time, but the upper limit remains undated. In common with the earlier 
workers (Mercier 1968, Campion 1966 & Braud 1967), it is strongly suspected that the PFF 
extends into the base of the Paleocene (Danian). The local presence of spinose pelagic 
forams (Plate 2.21G) would support this conclusion, although no definite determinations 
were possible and these forms are still found in association with Globotruncana sp. (which 
became extinct at the end of the Maastrichtian). 
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2.8.6 Summary and depositional environments 
The passage to flysch, by way of the Kipsari Passage Mbr, is surprisingly uniform 
throughout the study area, with the occurrence of flaser-bedded, sparse biomicritic 
carbonates passing up into interbedded, chioritic mudstones and arenites. An almost 
identical sequence is preserved in the Almopias zone (Chapters Three & Four). That this 
transition marks an extremely rapid deepening of the depositional environment is clear, as 
indicated by a combination of lithofacies, ichnofabrics and faunal assemblages. What is 
unclear, however, is whether this transition is related to the onset of Tertiary collision, with 
collapse of the platform sequences to form a foreland basin ahead of the (westwards) 
advancing thrust stack, or if sea-level change alone was the cause. Given the fact that 
almost identical time-equivalent sequences are developed in Parnassus (Pomoni-
Papaioannou & Solakius 1991) and the Pindos zone (Degnan 1992 and own observations) it 
would appear that sea-level change is the most likely forcing agent. 
The transition from the widespread carbonate platforms of the Drossia Mbr to the KPM and 
PFF is generally gradational, as described in the preceding sections. However, evidence for 
a local depositional hiatus at the top of the UTF, followed by rapid subsidence, was noted 
in several sections (Vermion, Fig 2.60c & d). These surfaces of non-deposition take the 
form of an iron-encrusted and bored hardground (Plate 2.18C). Similar hardgrounds are 
also well developed in the Western Almopias zone (Chapter Three). Other evidence for 
erosion and a depositional hiatus at this level comes from the prolific occurrence of bio-and 
lithic-clasts derived from the uppermost levels of the UTF within the basal exposures of the 
PFF (e.g. olistoliths derived from the UTF in Kipsari section). Thin section examination 
also revealed abundant reworked fossils in these sediments derived from the upper levels of 
the UTF. The sedimentary structures and lithofacies developed a few metres above the top 
of the KPM undoubtedly record high-energy flow conditions (e.g over-turned cross 
bedding in the type section, Plate 2.22A and complete climbing-ripple sets and PCL in the 
arenites of section 2.60c). These levels are also associated with pronounced redeposition. 
These basal sediments pass relatively rapidly into hemipelagic mudstones, although distinct 
graded and redeposited horizons are developed (often rich in transported assemblages of 
benthic and pelagic forams; e.g. Tchouka sections, Figs 2.52, log 7 and 2.61b and plate 
2.22D). Hence the transition to flysch sedimentation was associated with a dramatic 
subsidence of the Campanian-Maastrichtian platforms to form a deep water basin. Locally 
this subsidence was so rapid that sedimentation could not keep up, and hard-ground surfaces 
resulted. 
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Hemipelagic sediments dominated the PFF from the above described basal horizons 
upwards, although very thin, turbiditic sands are occasionally developed. The presence of 
trace fossils characteristic of the Nerites ichnofacies (seilacher 1967) confirms a basinal 
setting. The upper levels of the PFF record a marked pulse in clastic sedimentation and an 
increase in sediment grain size. The immature and poorly sorted nature of these sediments, 
and the often exotic nature of the clasts (fresh tholeiitic lava for example, Plate 2.23A & B) 
is perhaps related to the encroachment of the Tertiary nappe pile and the infilling of the 
region by true flysch to molasse-style deposits. This is supported by the fact that these 
deposits represent the stratigraphically highest sediments prior to the overriding Almopias 
Thrust. The presence of red clay rims and the overall organic-rich nature of these sediments 
might point to a transition to, or derivation from, fluvial to continental environments. 
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PLATE 2.14 
Upper Transgressive Formation, Toupkouvkamen section, Rudist Breccia Member. Well 
preserved predominantly coralline fauna from this locality of Campanian age. 
A. Synastrea sp., B. Haplaraca sp., C. Haplaraca sp. (section), D & E. Cyclolites sp., F. 
Unidentified coral, G. Blasochaetetes sp., H. Unidentified coral, I. Unidentified coral, J. 
Elasmophylia sp. 
PLATE 2.15 
Upper Transgressive Formation, Toupkouvkamen section and exposures in the Arnissa 
region, Rudist Breccia Member. Well. preserved examples of the large rudist .Vaccinites 
atheniensis, which is locally common in the Rudist Breccia Member. These forms are 
locally preserved in life position. C, F & G show cut sections through the lower valve, 
revealing the distinctive three-fold dentition and pillars typical of the Hippuritid family. 
PLATE 2.16 
Upper Transgressive Formation, Rudist Breccia Member, Kato-Ano Grammatiko section 
(Fig 2.56). In this section large Vaccinities atheniensis forms were found in life position and 
are encrusted by smaller Radiolitids (Lapeirouseis sp., well seen in A). B & D are 
Vaccinities atheniensis, whilst C, E, F & G are Lapeirouseis sp. E is a cut section through 
the top of the cemented cluster shown in F. Such cementing of individual rudists to the 
adjacent rudists is common for rudist reefal build-ups, giving some degree of stability. 
PLATE 2.17 
Upper Transgressive Formation, Toupkouvkamen section, Arnissa region (Fig 2.57). 
Sample 19/14. Toupkouvkamen Member, Globotruncana sp. bearing, argillaceous, 
sparse biomicrite. Sand to silt-sized fragments of echinoderms, rudists, calcispheres and 
ostrocods are also present. These facies are typical of a hemipelagic, outer shelf, setting 
(10mm, PPL). 
Sample 21/14. Drossia Member, Orbitoides sp. packstone/calcarenite. Stained thin 
section photograph. This sample is rich in bedding parallel well preserved Orbitoides 
media. Upto 30% of the rock is composed of primary quartz (white). Peloids are also seen 
(dark grey), and are completely structureless, or display faint rudist-like shell structures. 
Abundant well rounded rudist and echinoderm fragments (bored) are also present, as is very 
rare mica. This facies is typical of platform edge environments (8mm, PPL). 
C & D. Typical reef and reef-flat facies of the Drossia Member (interval 170-172M, Fig 
2.57). Due to the porous nature of rudist reefs they are rarely prsQ-vcU in-situ, and more - 
typically consist of variably winnowed and reworked grainstones and packstones. D shows 
a winnowed bioclastic packstone (locally reverse graded) rich in sand sized bored and 
abraded rudist fragments. These facies would probably have formed the shifting substrate 
upon which rudist reefs became established. C shows an interval rich in reworked rudists 
(Radiolitids and Hippuritids). Individuals are locally seen cemented to adjacent shells (at 
I 8inches), which would originally given some internal coherence to the reefs. 
PLATE 2.18 
Upper Transgressive Formation 
Sample 10115, Peloidal/Miliolid sparse biomicrite within the Drossia Member 
(Toupkouvkamen section, Fig 2.57). Note articulated ostracods, miliolids, sparite filled 
elongate fenestrae (filled by blocky calcite) and peloids/faecal pellets. These features are 
indicative of deposition in a lagoonal setting (10mm, PPL). 
Thin section photograph of winnowed bioclastic grainstone (Plate 2.17D) of the Drossia 
Member, Toupkouvkamen section (Fig 2.57). This grainstone is almost entirely composed 
of reworked, abraded and bored rudist shell fragments. Note bored and micritised edge to 
fragment in centre of the photo (6mm, PPL). 
Cretaceous UTF, Kipsari Passage Beds Member, Vermion section (Fig 2.60). Bored and 
extensively bioturbated hard/firm ground horizon which marks the transition to flysch and a 
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dramatic collapse of the Campanian-Maastrichtian reef carbonates of the Pelagonian zone. 
Note light buff pelagic infill to bores. This horizon is also associated with iron encrusting 
(pencil for scale). 
D. Horizontal fissure within reefal limestone of the Drossia Member, log 5, Fig 2.51, 
Kaimaktchalan massif. Such fissure are interpreted as developing due to periodic 
emergence and subaerial exposure of the reef, associated with the development of bauxite. 
Note that the individual upright rudist on the left side of the photograph extends across the 
fissure, confirming that the limestone must have been semi-lithified prior to fracturing 
(pencil for scale). 
PLATE 2.19 
Upper Transgressive Formation, Toupkouvkamen section, microfacies 
Sample 6/14, Rudist breccia Member. A distinctive lithology of this member is buff 
coloured micritic carbonate extremely rich in shell and coralline debris (Plate 2.1 ID). Large 
Radiolitid fragments are particularly common (forming up to 30% of the biodetritus), 
easilly identified by their mesh-like shell structure (top left, bottom right). Sponges, 
bivalves (locally articulated), gastropods, echinoderms (with spines), coralline fragments, 
bryozoa, ostrocods and rare pectin shells are also present (15mm, PPL). 
Toupkouvkamen Member, basal part. Packed biomicrite rich in calcispheres and 
oligostenids, aswell as sand-and silt-sized shelly detritus (including Inoceramus sp. derived 
calcite prisms). This lithology marks the initial period of deepening to the overlying 
Globotruncana sp. bearing biomicrites (Plate 2.17A), and is hemipelagic in facies (10mm, 
PPL). 
Sample 6/15, Drossia Member, interval 170m of small log, Fig 2.57. Winnowed rudist 
bioclastic grainstone (c.f. Plate 2.1813 & 2.17D) extremely rich in reworked rudist debris. 
The two large prismatic structured shell fragments are typical of the Hippuritade family. 
Radiolitids are also present. The majority of shell fragments show evidence of current 
winnowing and boring. Such a facies is interpreted as having developed in a reef-flat 
environment subject to vigorous current activity (15mm, XPL). 
Sample 3/15, base of Drossia Member, Fine grained packstone/sparse to packed 
biomicrite associated with Orbitoides sp. packstone (Plate 2.17B). Very rich in red algae 
(Archaeolithotharnnium) in life position. Matrix contains 20-30% quartz, but is also rich in 
sand-sized rudist and echinoderm fragments (18mm, PPL). 
Sample 14/14, base of Toupkouvkamen Member, packed biomicrite, with a well 
preserved Montcharmontia apenninica (Coniacian-Lr Campanian). 3mm, PPL. 
Facies typical of the Kipsari Passage Member, type section, consisting of very poorly 
sorted, micaceous thin and wavy (flaser) bedded poorly-washed to packed biomicrites. This 
lithology is typically very bioturbated and rich in sand and smaller sized shelly fragments, 
as well as Pelagonian marble-derived pebbles, mica-schists, quartz and mica. It clearly 
indicates a marked change in depositional environment from the rudist reefs of the Drossia 
Member (marked increase in terrigineous material and associated deepening). 15mm, PPL. 
PLATE 2.20 
Upper Transgressive Formation, Drossia Member, north of the Nission Fault. Rudist 
fauna. 
A. Hippuritella variabilis (top right) and Pironaea timacensis (star shaped outline, centre) 
polished slab. Log 6, Fig 2.51. B. Hippuritella cf cornucopiae from the Tchouka region 
(logs 8 & 9, Fig 2.52). C & E. Unidentified small Hippuritids with reduced or absent 
ligamental pillars. The absence of hinge apparatus makes identification of these forms 
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PLATE 2.21 
Pelagonian Flysch Formation, microfacies 
A, B & C. Thin section photographs of a very distinctive ferruginous, poorly sorted, 
calcarenite fades relatively common in the lower levels of the flysch (e.g. sample 15/13, 
Fig 2.60b). These calcarenites are rich in Cretaceous carbonate-(Drossia Mbr) and 
basement-(Pelagonian marble and metamorphic) derived clasts. Individual Orbitoides sp. 
can also be seen weathering out in these calcarenitic horizons at outcrop. The following 
clasts are present: Pelagonian marble fragments (right and left of Orbitoides media in A), 
quartz (as individual angular to sub-angular grains, common in A, B & C), polycrystalline 
quartz rock fragments, metamorphic clasts, .siltstone and sandstone 'rip-up" clasts and 
micritic limestones (rich in Globegerina sp. and oligosteginids). The fauna present are 
equally diverse, including; Orbitoides media (top A and C, note geopetal infihls), 
Omphalocyclus macroporus (right centre, B), Siderolites calcitrapoides (smaller, "spiny" 
forms in A & B), red algae (archaeolithanium, top right A), Rotalia Skourensis (below red 
algae in A), echinoderm fragments (bottom right A, top centre B), rare Globotruncana sp. 
(top right B), bored Radiolitadae and Hippuritidae fragments, miliolids and rodoliths. The 
majority of these fossils and clasts are aligned bedding-parallel but the unit is generally 
very immature, poorly sorted and clearly rapidly deposited. The fauna indicates a Upper 
Maastrichtian age (field of view roughly 20mm in all photos). 
D & E. Distinctive traction carpet horizon within a otherwise uniform hemipelagic 
mudstone, basal PFF (sample 14/13, Fig 2.60b). This lithology comprises chloritic 
calcareous mudstone and/or packed to sparse biomicrites extremely rich in Globotruncana, 
Globeriginids and Heterohelix forms, but also angular fragments of Orbitoides, Siderolites 
calcitrapoides, Omphalocyclus macroporus, miliolids, algae and rare bored rudist 
fragments. One Sutivania likvae form was also identified. The majority of these benthic 
forms are preserved in graded horizons within what otherwise is a pelagic 
mudstone/micrite. The detrital component of this lithology comprises bedding-parallel mica 
and sub-rounded quartz (forming between 5 0-60% of the clasts), and rare marble fragments. 
F & G Globotruncana Sp. from mudstones of the PFF (Toupkouvkamen section, Fig 
2.61e). G shows the development of spines on its lower edge, and has affinities with spinose 
Tertiary (Paleocene) forms (?Rugoglobigerines, sp.), although it was found in association 
with Globotruncana sp., which became extinct at the end of the Cretaceous. 
PLATE 2.21 
A & B. Two amalgamated calcarenites at the top of the expanded section (Fig 2.60b) in the 
Kipsari region (type section). These arenites display trough cross-sets which are over-turned 
in their upper part (left of pencil). Flow is to the right (east). Such features are clearly 
indicative of rapid deposition in a high flow regime. Up section (to the right), the arenite 
beds die out and are replaced by planar-laminated, olive green, chioritic, soft weathering, 
mudstones (C) which locally preserve horizontal grazing trails on their upper surface, 
including abundant Heminthoida cf molassica and H. labyrinthica trace fossils (B), an 
ichnogenus typical of Cretaceous and Tertiary flysch (Ksiazkiewicz 1970 & 1977). These 
mudstones are also extremely rich in pelagic forams (C), including Globotruncana sp., 
Globe riginids, multiserial Heterohelicidae and ostracods. Mica and scattered foliage 
fragments are also present (A & B pencil for scale, C 15mm, PPL, large Globotruncana sp. 
at bottom right is shown in 2.2 IF). D shows detail of redeposited traction carpet horizon 
rich in both benthic and pelagic forams (same sample as Plate 2.21E). 
PLATE 2.23 
Pelagonian Flysch Formation, arenite petrography 
A & B. PFF, Kedronas section, uppermost levels of the PFF. These upper levels of the PFF 
corilprise immature, poorly sorted, ferruginous, conglomeratic arenites (coarse-to medium-
grained gritstones). These lithologies are extremely micaceous and rich in clasts of mica 
schist, quartzite, marble, structurless micrites, milky quartz, rare detrital serpentinite and 
rip-up clasts of mudstone. The sample shown here is also extremely rich in fresh acidic and 
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tholeiitic volcanic clasts of unknown provenance (active volcanism of Late Cretaceous age 
is not known in Greece, but has been documented in former Yugoslavia, Kemenci & 
Canovic 1975). Possibly these clasts represent eroded fragments of ophiolitic material 
emplaced during Tertiary deformation? (10mm, A PPL, B XPL). 
Basal arenites/calcarenites of the PFF (Kipsari section). These arenites can be classified 
as lithic greywackes composed of monocrystalline sub-angular to sub-rounded quartz, 
minor mica, glauconite, deformed volcanic quartz, plagioclase feldspar and chloritic schist 
fragments. Internal sorting is poor and the lithology is generally very immature. The matrix 
is locally calcareous (15mm, XPL). 
East end of Toupkouvkamen section, upper levels of the PFF. These upper lithologies 
again comprise extremely poorly sorted and cemented, immature, deep red-brown arenites, 
buff siltstones and red, brown and buff mudstones. The arenites are invariably erosive into 
the underlying mudstones and are locally cross bedded and preserve climbing ripple sets. 
Clasts within the arenites (again including metamorphic and volcanic detritus) have well 
developed red clay rims. These lithologies clearly mark a change in the depositional 
environment and are here related to the onset of mollassic sedimentation in the foreland 
basin immediately ahead of the SW advancing Tertiary nappe pile (15mm, PPL). 
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Tertiary collisional deformation 
2.9 Tertiary (Neohellenic) deformation of the Pelagonian zone 
2.9.1. Introduction 
Throughout the Hellenides the transition to flysch sedimentation during the Late Cretaceous-
Lower Tertiary is thought to signal the onset of major collisional deformation due to final 
closure of the Tethys ocean and the docking" of Gondwana against Eurasia, resulting in the 
Alpine deformation (Auboiun et at. 1970, Robertson & Dixon 1984). The onset of flysch 
sedimentation is of Latest Maastrichtian age in the Internal Hellenides, including the 
Pelagonian zone, and becomes progressively younger as one moves westwards across 
Greece. Active collisional deformation is still in progress in the western most parts of 
Greece (e.g. Zakinthos, Kephallonia, Underhil 1989). 
With regard to the study area, Tertiary deformation, widely termed the Neohellenic 
deformation phase, resulted in thrusting of the Pelagonian zone as a coherent nappe 
(Pelagonian Nappe) over the Olympos window carbonates and the Sub-Pelagonian and 
Pindos zones in the west (e.g. Mercier 1968, Vergely 1984, Godfriaux 1968, Barton 1976, 
Schemer 1993). The eastern margin of the Pelagonian zone (and nappe) is marked by the 
Almopias Thrust, east of which are exposed a series of thrust sheets which constitute the 
Western, Central and Eastern Almopias zones. Most authors consider that the Pelagonian 
zone essentially represents the autochtonous foreland to the Almopias thrust sheets, which 
fold and thrust repeat a 'Pelagonian type" stratigraphic sequence (Chapters Three and Four). 
Until now, Tertiary thrust deformation within the Pelagonian zone of northern Greece, 
especially within the Mesozoic sequences, was not recognised. Only Mountrakis (1984) 
has described Tertiary thrust deformation of the Pelagonian basement (section 2.2). During 
the course of this study however, evidence for widespread fold and thrust deformation of 
the Mesozoic sequences of the Pelagonian zone of northern Greece was encountered. 
The style and nature of this previously undocumented deformation is described in the 
following sections. As with previous sections, these data are presented in a regional context, 
starting with the Pelagonian zone north of the Nission Fault. 
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2.9.2 Tertiary (Neohellenic) deformation north of the Nission Fault 
North of the Nission Fault the Pelagonian zone has undergone limited Tertiary deformation. 
Only the upper levels of the PFF have been subject to penetrative deformation, resulting in 
the development of a marked schistocity and local "strain hardening" to produce proud-
weathering crags. These strain-hardened crags are typically exposed immediately beneath 
the Almopias Thrust (Fig 2.65). The Almopias Thrust is offset by two major transverse 
faults in this region, the Kato Loutraki Fault in the north and the Nission Fault in the south. 
These faults form major Tertiary tear faults separating differing structural realms. 
The contact between the PFF and the Almopias Thrust is particularly well exposed in the 
Kato andAno Khorifi regions (Fig 2.65, GR.552 551 & 542 563). Slickensides and reverse 
faults associated with the Almopias Thrust at these localities confirm overthrusting towards 
the west (Fig 2.62a & bc 4, Fig 2.65), with deformed conglomerates and carbonates of the 
Kerassia Unit tectonically overlying a prominent "strain hardened" outcrop of cleaved 
arenites and mudstones of the PFF. The contact between the PFF and first thrust sheets of 
the Almopias zone is also locally well exposed NW of Karidia, with the PFF again showing 
the development of a penetrative cleavage associated with NW-SE to N-S trending folds 
(Fig 2.62b & Fig 2.65, locs 7 & 8). These folds also display a marked fold axis-parallel 
lineation-stretching fabric, locally producing rodding and pencil cleavage in the more fissile 
mudstones. Late-stage kink bands also affect the PFF in this region (Fig 2.62b), and are a 
common feature of Tertiary (Neohellenic) deformation throughout the Pelagonian zone. 
Previously unrecognised, Neohellenic, fold and thrust repetition within the Pelagonian zone 
is also locally developed north of the Nission Fault, well exposed in track cuts between 
Tchouka and Kato Khorifi. In this region Cretaceous carbonates are structurally repeated 
due to SSW-verging reverse faulting (Figs 2.62c & 2.65, bc 5). The highly forested nature 
of this region unfortunately makes it difficult to map the regional extent of this Neohellenic 
deformation within the Pelagonian zone. It appears to be localised. 
North of the Kato Loutraki Fault, the PFF, and its contact with the overriding Almopias 
thrust sheets is well exposed (Fig 2.63). The degree of deformation of the underlying 
Pelagonian zone in this region is noticeably greater than exposures south of the Kato 
Loutraki Fault. This is undoubtedly due to the fact that the Kato Loutraki Fault represents a 
major transverse fault which separated differing structural domains to the north and south 
during Neohellenic deformation. South of this fault the Almopias zone is dominated by 
thin-skinned thrust tectonics with Tertiary deformation characterised by thrust 
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Fig 2.62a Lower hemisphere stereographic plot of the Almopias l'hrust and associated slickensides 
exposed in the Kato Khorifi area. At this locality the PFF forms a "strain hardened" craggy outcxop 
which is tectonically overlain by deformed red-bed conglomerates and neiitic carbonates of the Kerassia 
Unit. 
Fig 2.62b Lower hemisphere stereographic plots of Tertiary folds from the PFF exposed 
in numemus track cuttings NW of Karidia (between GR560 518 to 559 523). The folds 
exposed in this region trend NW-SE to N-S and are associated with a marked axis-parallel 
lineation. The folds predominantly verge towards the west. Late-stage kink folds trending 
towards 070°  and 115° cut the earlier developed folds. 
£ Plunge & Trend of fold axis & lineation 
• Poles to Axial Plane 
• Poles to bedding 
VergenCe 
Fig 2.62c Lower hemisphere 
stereographic plots of reverse 
faults developed within the 
Cretaceous carbonates of the 
Pelagonian zone between Kato 
Khorifi and Tchouka. The extent 
of this reverse faulting is unclear 
due to limited exposure, 
Fig 2.62d Lower hemisphere stereographic plots of SW verging, 
open, Tertiary folds developed in marbles of the KMF in the 
summit region of Tchouka. 
décollement along the line of serpentinite. Consequently, the thrust sheets are relatively 
thin in this region and generally do not involve lithologies stratigraphically beneath the Late 
Jurassic ophiolites (i.e. Pelagonian Marble Group and Kaimaktchalan Metamorphic Group). 
In contrast, north of the Kato Loutraki Fault the Almopias zone thrust sheets involve 
basement rocks which form a complex thrust stack of considerable tectonic thickness 
(Brown et a!, in prep). For this reason the Pelagonian zone north of the Kato Loutraki Fault 
is considerably more deformed, as it was buried by a thick nappe pile. This is particularly 
evident by the degree of deformation and metamorphism that the Cretaceous UTF and PFF 
has undergone in this region, the UTF typically being so deformed that fossils and 
sedimentary structures are almost completely destroyed (e.g. log 1, Fig 2.51). 
Figure 2.63 is a sketch map of the PFF and contact with the Almopias thrust sheets exposed 
north of the Kato Loutraki Fault in the Ano Loutraki region. It is possible to recognise three. 
distinct cross-cutting Neohellenic folding phases in this region. The first phase (Fl) consists 
of rare isoclinal folds associated with a pronounced fold-axis-parallel lineation which trends 
east-west. The second set of fold structures (172) cuts across and folds the earlier fold axis 
(F!) and lineations (LI). These folds trend towards the NNE or NE, verge westwards and 
are also associated with a fold-axis-parallel lineation (1-2) and axial-parallel crenulation or 
strain slip cleavage (S2). This second cleavage is well developed on bedding surfaces as a 
crenulation cleavage. The final phase of deformation is marked by the development of kink 
folds which are at a slight angle to F2 structures and refold them. These kink folds trend 
towards 040°. 
In the southern part of the area the Pelagonian-Almopias contact is offset by the Nission 
Fault (Fig 2.65). Structure adjacent to this fault is quite complex, with a zone of faulting 
and fracturing defining a broad fault zone. Lithologies of the KMF are strongly fractured 
and jointed along this zone. Locally the marbles posses a well developed mylonitic texture. 
Several of the fault breccias within the KMF have a bauxitic matrix, which, in turn, have 
been brecciated. Large fault-bounded blocks of marble and Cretaceous carbonates are also 
entrained along the line of the Nission fault, and these are strongly recrystallised and locally 
internally brecciated. Serpentinite is also exposed along the line of, and north of, the 
Nission Fault (e.g. 1.5km NNW of Nission, GR555 503, Fig 2.65). Locally a depositional 
contact between marbles of the KMF, serpentinite and serpentinitic conglomerates, and 
recrystalised limestone's of the UTF is visible in this region, and as such represents the only 
remnant of ophiolitic detritus north of the Nission Fault. Tertiary thrust imbncation and 
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Figure 2.63 Sketch map and lower hemisphere stereographic plots of the PFF and 
contact to the Almopias thrust sheets exposed north of the Kato Loutraki Fault in the 
Ano Loutraki region. In simplistic terms, it is possible to recognise three distinct cross 
cutting Neohellenic folding phases in this region. The first phase (Fl) consists of rare 
isoclinal folds associated with a pronounced fold axis parallel lineation which trends 
east-west. These folds appear to verge towards the south. The second set of fold 
structures (F2) cut across and fold the earlier fold axis (Fl) and lineation (Li). These 
folds trend towards the NNE or NE, verge towards the NW, and are also associated 
with a fold- axis -parallel lineation (1-2) and axial-parallel crenulation, or strain slip, 
cleavage (S2). This second cleavage is particularly well developed on bedding 
surfaces as a crenulaflon cleavage. The third phase of deformation is marked by the 
development of kink folds (KF, often conjugate) which are at a slight angle to F2 
structures and refold them. 
thickness of recent, travertine-cemented, fault breccias are encountered along both the 
Nission and Kato Loutraki Faults, confirming significant Neotectonic movement. 
2.9.3 Arnissa region 
South of the Nission Fault structures attributable to Tertiary (Neohellenic) deformation 
become more important. This is undoubtedly due to the presence of large serpentinite 
masses. Tertiary compression has resulted in local folding, thrust imbrication and the 
development of numerous internal shears and duplex-like structures developed along this 
inherently weak horizon. Such imbrication and thrusting within the Pelagonian Ophiolite 
Nappe is particularly well developed in the Mavri Petra and Megalo Kastro regions (Figs 
2.13, 2.17 & 2.65), as well as in the Mavro Rema section (Figs 2.12a & 2.65), with 
imbrication of serpentinite and ophiolite derived sediments of the BSM occurring. 
Slickenside structures associated with this deformation suggest overthrusting predominantly 
towards the SW (Fig 2.40). Localised deformation and recrystallisation of the basal 
lithologies of the UTF also occured due to this Tertiary movement (e.g. base of UTF in Kale 
region and north of Megalo Kastro (Fig 2.13). 
Other structures associated with Tertiary deformation in the Arnissa region are numerous 
small-displacement reverse faults which locally cut-out parts of the stratigraphy within the 
Pelagonian Marble Group (Figs 2.14 & 2.13). Such reverse faults are particularly common 
within lithologies of the APBM along the contact to the overriding ophiolitic lithologies, 
often resulting in small thrust-imbricated zones. Exposures along the main road into Arnissa 
have also been subject to marked penetrative shearing and imbrication due to Tertiary 
thrusting. Tertiary reverse faults are particularly well exposed in railway cuts south of 
Arnissa. Typically these fault zones are up to 2-3m wide and are associated with travertine 
and carbonate veining due to subsequent Neotectonic movements. WNW-ESE trending tear 
faults are associated with this thrusting throughout the Arnissa area, again particularly well 
developed along the contact between the Pelagonian marbles and ophiolite. Tear faults of a 
similar trend are also widely developed within the UTF (Fig 2.65). 
Within the Pelagonian marbles in the Arniassa region relatively open, SW verging folds are 
thought to be related to Tertiary activity. The axis of these folds trend towards the south, or 
SE (between 140°-190°) and are hence of a similar orientation to Eohellenic structures, but 
they are of a completely different style. Such folds are well exposed along the line of log 4 
(Fig 2.14), bc 11 (Fig 2.65, GR508 477), and in outcrops of the Pelagonian marble NNE of 
Arnissa (bc 10, Fig 2.65). 
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Vergely (1984) briefly described the style of deformation associated with Tertiary 
deformation in the Arnissa area and distinguished three or four folding phases (CT1-CT3-4, 
Fig 2.64). Data collected during the course of this study is generally in agreement with 
Vergely's data, although he did not recognise the open, SW verging folds described above. 
In simple terms, the first structures of Tertiary age comprise E-W trending folds (F1-CT1) 
of uncertain vergence (Fig 2.64). These folds are associated with the development of a 
pronounced crenulation lineation and cleavage where they refold schists of the APBM or 
BSM. This first phase of folding is followed by a second phase (F2-CT2) of folding 
involving open folds with amplitudes of up to im which trend towards 075° and clearly 
refold the first structures (Fig 2.64). Although clear cross cutting relationships were not 
encountered, the SW verging, SE trending folds described above are thought to have 
developed after the first two phases, and hence are assigned to F3-CT3. All these structures 
are cut by conjugate kink folds (F4-CT4). This structural evolution is clearly similar to that 
described from the Ano Loutraki region (Fig 2.63). 
Deformation within the PFF due to the overriding Almopias Thrust is similar to that 
developed north of the Nission Fault, with the PFF becoming more deformed as one 
approaches the thrust. Strain hardening and the development of a penetrative cleavage are 
the two most noticeable features, particularly well exposed in outcrops of the flysch 
immediately to the west of the Almopias Thrust between Vrita in the north and Kedronnas 
in the south. Campion (1966) clearly demonstrated that the PFF is exposed in a footwall 
syncline to the overriding Almopias Thrust in the Kedronas region (see sketch, Fig 2.65 & 
also Fig 2.61a). The axis of this syncline trends towards 165°. SW verging fold structures of 
an identical style and trend (plunging at 20° towards 160 0) are also exposed along the line 
of the Panagitsa-Nission dirt road and are related to the overriding Almopias Thrust (Fig 
2.65, bc 9). The presence of strongly sheared serpentinite along the Almopias Thrust 
separating conglomerates of the Kedronas Unit (Almopias zone) from the PFF was first 
described by Campion (1966). Such occurrence of serpentinite along the base of the 
Almopias Thrust was repeatedly encountered south of the Arnissa region, the serpentinite 
acting as a perfect plane of weakness and detachment for the locus of Tertiary thrusting. 
In summary, four distinct phases of Tertiary (Neohellenic) deformation can be recognised 
north of the Nission Fault and in the Arnissa area. The first set of fold structures (Fl-Li-
CT1) trend E-W and are of uncertain vergence. These structures are cut by open, low 
amplitude folds which trend towards the ENE (F2-L2-CT2). The third set of structures (F3-
L3-CT3) clearly verge towards the SW and are probably related to major overthrusting of 
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Fig 2.64 Lower hemisphere stereographic 
plots of fold data collected in the Arnissa 
area (key as Fig 2.63). These data fit 
Vegely's (1984) data well, although Vergely 
did not recognise SW verging, SE trending 
folds developed within the Pelagonian 
marbles and PFF (Fig 2.65) which are here 
assigned to the F3-CT3 phase. All these 
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Fig 2.65 Swninaiy of Tertiary (Neohellenic) structures developed in the Pelagonian zone between Mo Loutraki in the north and 
Mavro Rema in the south. Four distinct phase of Tertiary deformation can be recognised in this region. The first set of fold stnictures 
(Fl-Ll-CFI) trend E-W and are of uncertain vergence (e.g. lees 1, 2, 3. 9 & 12). These structures are cut by open, low amplitude 
folds which trend towards the NE or ENE (F2-L2-C1'2, lees I, 2, 3 & 12). The third set of structures (F3-L3-CT3) clearly verge 
towards the SW and are related to major over thrusting of the Alinopias thntst sheets from the NE. This phase is also probably 
responsible for the development of thrust imbricalion. folding and faulting within the Pelagonian Ophiolite Nappe in the Arnissa azea 
and the UTF east of Tchouka. The last set of structures to develop in the area are conjugate kink folds of variable orientation, 
although a set trending between 030.070° appear prevalent (see Figs 2.62.2.63 & 2.64). 
the Almopias thrust sheets from the NE. This phase is also probably responsible for the 
development of thrust imbrication, folding and faulting within the Pelagonian Ophiolite 
Nappe in the Arnissa area and the UTF east of Tchouka (Fig 2.65). The last set of structures 
to develop in the area are conjugate kink folds of variable orientation, although a set 
trending between 030 0 0700  appear prevalent. All these structures are summarised in figure 
2.65. 
2.9.4 Western Vermion 
Figure 2.66 is a simplified geological map of the western Vermion outlining the main 
structural features of Tertiary age. The single most significant, and previously 
unrecognised, feature of the Tertiary deformation in this region is major thrust 
imbrication and décollement along the line of the Pelagonian Ophiolite Nappe (Figs 
2.11, 2.15 & 2.66). The intense Tertiary deformation which has occurred along this horizon 
is due to serpentinite acting as a mechanically weak and relatively plastic horizon 
sandwiched between massive marbles and limestones below and above. The curvilinear 
outcrop pattern of the Pelagonian Ophiolite Nappe in the western Vermion is a direct result 
of this deformation. The overlying Cretaceous red-beds and conglomerates of the LTF 
formed a passive roof thrust to this zone of imbrication and underwent décollement from 
the serpentinite coupled with overthrusting towards the west. Dynamic metamorphism and 
locally intense deformation of the basal conglomerates and red-beds immediately above this 
roof thrust is widely developed, this zone locally being up to 20m thick (Plate 2.9B). These 
deformed conglomerates were regarded as somewhat problematic by earlier workers (e.g. 
Brunn 1956 and Braud 1967) until Pichon (1976) assigned them to the Mavri Rakhi 
Formation. However, as has been shown in section 2.6, the majority of these lithologies are 
nothing more than conglomerates of the Cretaceous UTF which underwent Tertiary 
deformation. 
Below this roof thrust intense thrust imbrication and duplex formation within serpentinite 
and sediments (BSM) of the Pelagonian Ophiolite Nappe resulted due to overthrusting of 
the Cretaceous Transgressive Group. It would appear that the overlying Cretaceous 
Transgressive Group escaped intense deformation in the Tertiary due to the fact that the 
majority of lateral displacement was accommodated along the Pelagonian Ophiolite Nappe. 
Despite this, significant fold and thrust structures are developed in the Cretaceous 
Transgressive Group in the western Vermion. The contact between the LTF and UTF for 
example, is clearly the focus of significant reverse faulting east of Reis Tsifliki (bc 10 of 
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mudstones of the Rudist Breccia Mbr deposited along this contact (sandwiched between 
massive units above and below) to Tertiary compression. 
The style of deformation concentrated along the horizon of the Pelagonian Ophiolite Nappe 
is particularly well exposed in the Vretina-Atzesana Veria (Fig 2.67), Kinotafion (Fig 2.68), 
Ayios Anaryroi, Reis Tsifliki (Figs 2.44 & 45) and Mavri Rakhi-Profitis Illias regions (Figs 
2.66 & 2.49). Closely spaced shears, duplex structures, ductile to brittle folds and thrust 
faults are widely developed at these localities within phacoidal serpentinite. Slickensidess, 
duplex's and fold asymmetry clearly imply movement towards the west or SW (e.g. Fig 
2.66, locs 4, 5, 6, 7, 12 & 13, & Figs 2.67 & 2.68). Where the ophiolite is overidden by 
conglomerates of the LTF these conglomerates are often strongly recrystallised and 
deformed, as mentioned above (well exposed in the Vretina-Atzesana Veria and Kinotafion 
regions, Figs 2.67 & 2.68). The amount of movement which has occurred between the LTF 
and ophiolitic lithologies is unclear; locally the degree of deformation of the basal 
conglomerates suggests considerable thrust activity (e.g. Kinotafion region, Fig 2.68), and 
yet at other localities, for example between Soumalia and Metallia, the basal conglomerates 
of the UTF are much less deformed, and displacement appears to have been minimal. 
The contact between the Pelagonian Ophiolite Nappe and the underlying Pelagonian Marble 
Group was also the focus of Tertiary reverse faulting (sections 2.3 & 2.4). Large-scale 
folding and thrusting of all the lithologies stratigraphically beneath the Pelagonian 
Ophiolite Nappe has also occurred, for example along the line of the Kato Grammatiko-Ano 
Grammatiko road-cut folds and reverse faults of Tertiary age are well exposed (Fig 2.42 & 
2.66, locs I & 2). Of interest in this region, Vergely (1984) described a horizon of 
carbonates immediately underlying the Cretaceous LTF which he assigned to the Mavri 
Rakhi Fm. These carbonates are here re-assigned to the KGF. The folds developed at this 
locality appear to verge towards the west and, as Vergely (1984) pointed out, are associated 
with a distinct lineation which is developed at right angles to the fold axis (Fig 2.66, bc 2). 
This lineation is thought to represent a striation or mineral stretching lineation which 
developed parallel to the movement direction. Folds associated with a similar style of 
lineation are also developed in the Ayios Dimitrios region, often associated with an 
elongation of clasts in the Cretaceous conglomerates (section 2.9.5). 
In general, Tertiary thrust imbrication beneath the Pelagonian Ophiolite Nappe exploited 
obvious horizons of weakness, i.e. schist horizons within the KGF and APBM. Such 
imbrication is well developed all along the western Vermion, and has had the effect of 
cutting out stratigraphy and producing localised zones of intense Tertiary shearing and 
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deformation separated by relatively undeformed areas (typically composed of massive 
marbles). On a larger scale, regionally significant infolding and thrusting occurred in the 
Messovounon region (section 2.5.5, Figs 2.44 & 2.45). Pichon (1976) attributed this 
structure to Eohellenic deformation. In contrast, new data suggests that this structure has 
been subject to considerable activity during Tertiary deformation. It is difficult to prove 
conclusively that this structure is entirely of Tertiary age, but the involvement of the 
Cretaceous Transgressive Group in its development suggests that this is the case (see 
section .5.5). 
The contact between the Pelagonian zone and the overriding Almopias thrust sheets is 
similar to that developed north of the Nission Fault and in the Arnissa region. Typically, the 
uppermost levels of the PFF show the appearance of closely spaced internal shears as one 
approaches the thrust, and conspicuous quartz and calcite veining starts to appear. Strain 
hardening due to this veining is again widely developed. The thrust plane itself is often 
marked by sheared, phacoidal, serpentinite along which movement was accommodated. 
Such a situation is well exposed south and east of the small village of Kalyvia Tsapo (east 
of Kinotafion summit, GR552 400). 
Above the Almopias Thrust the first units of the Almopias zone typically comprise 
deformed Cretaceous red-bed and marble conglomerates interbedded with platy-bedded 
neritic carbonates. These lithologies form a vast nappe structure which tectonically overlies 
the PFF throughout the Vermion (the Haut Vermion Nappe, Fig 2.66 & 1.5). The internal 
stratigraphy of the Haut Vermion Nappe essentially preserves a similar stratigraphy to the 
Cretaceous Transgressive Group (mainly the LTF, i.e. red-bed lithologies, littoral 
conglomerates and platy-bedded carbonates). For this reason the Haut Vermion Nappe is 
regarded by most authors as a nappe of Pelagonian affinities which was emplaced 
westwards over the Pelagonian zone during the Tertiary deformation (e.g. Vergely 1984). 
This is in keeping with the view that the western Almopias zone is compassed of a series of 
thrust sheets which fold and thrust a Pelagonian-type stratigraphy (Mercier 1968). 
The development of this nappe, and indeed the Kerassia and Kedronnas thrust sheets to the 
north (Chapter Three), is clearly similar to the deformation described above along the line 
of the Pelagonian Ophiolite Nappe within the Pelagonian zone of the western Vermion. 
Ophiolitic lithologies of the Almopias zone are sandwiched between Triassic-Jurassic 
marbles below and Late Jurassic-Late Cretaceous mixed carbonate/clastic sequences above 
(c.f. Pelagonian zone). During Tertiary compression décollement along the inherently weak 
















seroentinite of log 1 
275 
arenites & schists 	0 0 0 0 
0 0 
.•.,e0 0 0 0 
14 44
onglomerate 
calc 'turbidites (KGF) 	 sOrpentinif e 
 
Tertiary folds, schists 	 m 
& serpentinite of log 2 
Fig 2.67 Sketch map and sections of the Vretina - Atzesana Veria region 
south of Kato Grammatiko. In this region the Cretaceous LTF is in clear 
tectonic contact over the Pelagonian Opolite Nappe and KOF. Folds which 
developed within the serpentinite of the ophiolite nappe and schists of the 
KGF verge towards the SW. The basal 5m of the LTF are strongly deformed 
and metamorphosed, a feature characteristic of the style of Tertiary 
deformation in the western Vermion. 
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Fig 2.68 Sketch map and sections of the Kinotafion region, western Vermion. 
In this region the Cretaceous LIP is in clear tectonic contact over serpentinite 
of the Pelagonian Ophiolite Nappe, resulting in deformation and 
metamorphism of the basal LIP lithologies. These lithotogies were 
previously wrongly assigned to the Mavri Rakhi Formation. Fold, reverse 	
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a vast nappe structure (Haut Vermion Nappe) which was thrust towards the west over the 
PFF. Locally this thrusting involved lithologies stratigraphically beneath the ophiolitic 
horizon, resulting in up-thrust slices of Pelagonian marbles and even basement schists in the 
Almopias zone thrust sheets (e.g. Gola Tchouka massif; Chapter Three). Campion (1966) 
and Mercier (1968) were the first to describe this style of deformation from the Almopias 
zone. During the course of this study a similar situation was recognised from the Ano 
VermiontPalio Ano Seli region within the Pelagonian zone (Fig 2.66). Fourmaintraux 
(1967) was the first to describe this region, suggesting that it was essentially an eroded 
embayment within the Haut Vermion Nappe exposing numerous thrust-bounded klippes of 
the Haut Vermion overlying the PFF. This interpretation is the one shown on the published 
IGME 1:50 000 Piryoi sheet. Reconaissannce during the course of this study, however, 
revealed that the majority of lithologies mapped as klippes of the Haut Vermion Nappe in 
this region are strongly deformed fenstral and cherty marbles of Pelagonian Marble Group 
or Mavri Rakhi Fm affinities which form an imbricate zone intimately associated with 
serpentinite structurally beneath the overriding Haut Vermion Nappe, but structurally 
above the PFF. This situation is particularly clear along the northern part of this window, 
working upstream towards the NE from the spring in the Ismoro region (GR555 362, Fig 
2.66). It is difficult to conclude if the cherty marbles exposed in this imbricate zone are of 
KGF or Mavri Rakhi affinities, but they appear to posses the penetrative Eohellenic 
lineation (section 2.5) and hence are probably of KGF affinities. Tertiary folds within this 
imbricate zone trend towards 1700  and verge towards the SW. Similar up-thrust slices of 
KGF lithologies were also noted beneath the Almopias Thrust east of Strondeghi. Thrust 
klippes of both serpentinite and the Haut Vermion Nappe are also present in the Ano 
VermionlPalio Ano Seli region, however, for example 500m due south and due north of 
spot height 1715m, as well as in the vicinity of, and north of, the old village of Ano 
Vermion (fig 2.66). Thus the published IGME map is partly correct. 
In the Profitis Illias and Mavri Rakhi region intense Tertiary imbrication of the Pelagonian 
Ophiolite Nappe and Mavri Rakhi Formation has occurred (Figs 2.49 & 2.66). Thrust and 
folds developed in the BSM and serpentinite imply overthrusting towards the WNW (locs 
12, 13, 14 & 15, Fig 2.66 & Fig 2.50a). The folds which deform the cherty carbonates of the 
Mavri Rakhi Formation at this locality are of a kink-to box-fold style. Tertiary folds of a 
similar style are also developed in cherty carbonates of the KGF which overthrust 
serpentinite in the Reis Tsifliki region (locs 8 & 9, Fig 2.66 & Fig 2.45). 
In summary, the Tertiary structural evolution of the western Vermion is dominated by 
thrust imbrication and décollement along the line of the Pelagonian Ophiolite Nappe. 
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The overriding lithologies (Cretaceous Transgressive Group) appear to have formed a 
passive roof thrust to the ophiolitic lithologies, although the basal 20m of the LTF 
characteristically underwent dynamic metamorphism and deformation due to this 
movement, and are often in thrust contact over the serpentinite. Fold and thrust activity is 
locally developed in these overriding lithologies (e.g. bc 10, Fig 2.66). Tertiary deformation 
of lithologies beneath the ophiolitic horizon is more prevalent, resulting in reverse faulting 
and folding, particularly along the line of schist horizons within the Pelagonian Marble 
Group. One Tertiary macro-scale fold appears to have developed in the Messovounon 
region. The contact to the Almopias Thrust and the overriding Haut Vermion Nappe is 
typically marked by strongly sheared and strain-hardened lithologies of the PEF, which are 
structurally overlain by strongly sheared serpentinite and deformed red-bed or marble 
conglomerates of the Haut Vermion Nappe. Local up-thrusts of Pelagonian marble are 
also encountered immediately beneath the Haut Vermion Nappe (e.g. Ano VermionlPalio 
Ano Seli region, Fig 2.66). The four distinct phases of deformation developed north of the 
Nission Fault and in the Arnissa region are difficult to recognise in the western Vermion, 
although it is clear that the main phase of folding and thrusting towards the west was 
followed by the development of kink folds. 
2.9.5 Ayios Dimitrios/southern Vermion region 
The dominant feature of Tertiary deformation within the Pelagonian zone in this region is 
again major thrusting and décollement along the line of serpentinite. In the Ayios Dimitrios 
region, however, this deformation appears to have been associated with regional-scale 
folding (Fig 2.69, Plate 2.25A), similar to that developed in the Messovounon region (Fig 
2.44). Vergely (1976, 1984) attributed the formation of this fold wholly to Eohellenic 
deformation. In contrast, study during the course of this work has shown that this structure 
has, if not wholly, then to a large extent, resulted due to Tertiary deformation. 
The stratigraphically lowest lithologies in this region belong to the Pelagonian Marble 
Group, with algal marbles of the KMF overlain by cherty carbonates of the KGF and APBM 
and ultimately serpentinites of the Pelagonian Ophiolite Nappe. Vergely utilised the 
distinctive cherty marbles of the KGF/APBM which mark the top of the Pelagonian Marble 
Group to map out the regional-scale fold structure. In simple terms, he found these 
lithologies in a normal stratigraphic setting along the line of the Bizantino River, but in an 
inverted position east of the prominent crags of Megali Rakhi. Serpentinite and ophiolitic 
melange are exposed structurally and stratigraphically below these cherty carbonates south 
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of Megali Rakhi, and occupy the core of a recumbent synclinal structure (Fig 2.69). 
Marbles appear once more in a normal position moving southwards. 
Both Pichon (1976) and Vergely (1984) assigned deformed red-bed conglomerates and 
neritic carbonates, which overlie serpentinite north of the Bizantino River, to the Mavri 
Rakhi Fm, and suggested that these lithologies are unconformably overlain by the 
Cretaceous Transgressive Group. In contrast, these strongly deformed conglomerates and 
neritic carbonates were found to pass up gradationally into the Cretaceous LTF, with 
deformation dying out progressively up section (Fig 2.69 Ay. Georgios & Kriapetra 
sections, see also section 2.5.5, Fig 2.23, and section 2.6, Fig 2.48). For example, Plate 
2.25C shows two samples of platy-bedded, fossiliferous, neritic carbonates which overlie 
serpentinite in the region of Pichon's (1976) section at the eastern end of the Kriapetra ridge 
(Fig 2.69 & log 6 of Fig 2.15). The sample on the left is taken from near the basal thrust 
over serpentinite, whilst the sample on the right is taken from 40m above the basal thrust. 
The left hand sample is taken from what Pichon (1976) and Vergely (1984) mapped as the 
Mavri Rakhi Fm. No structural or stratigraphic break is developed between these two units, 
and the extreme deformation developed in the left hand sample simply dies out 
gradationally up section moving away from the thrust. Thus, clearly the assignment of the 
basal lithologies to the Mavri Rakhi Fm is incorrect, and all lithologies above the 
serpentinite belong to the Cretaceous Lower Transgressive Fm. This is supported by the fact 
that both lithologies are of identical facies and contain an identical faunal assemblage 
(Nerinid gastropods, oysters and ?Orbitolina sp.). The elongation and tectonic stretching of 
these fossils in a broad N-S direction is pronounced in basal lithologies of the LTF directly 
above the serpentinite and thrust (Fig 2.69, plot K2). This elongation is associated with a 
well developed lineation which , also trends N-S. Clearly this lineation and stretching 
developed due to thrusting of the Cretaceous LTF southwards over the Pelagonian Ophiolite 
Nappe. This lineation is hence parallel to the thrust transport direction (i.e. the A tectonic 
axis). The very basal lithologies of the LTF in the Kriapetra region (exposed in steep gully 
outcrops both sides of the Bizantino River) immediately above serpentinite of the 
Pelagonian Ophiolite Nappe have been transformed to mylonites/L-S tectonites, with 
elongation developed in a broad N-S direction associated with a pronounced lineation (Fig 
2.69, plot KI). This lineation is also developed in the underlying serpentinites, and the 
uppermost marbles of the Pelagonian Marble Group. 
An almost identical situation to that described above is exposed at the western end of the 
Bizantino River (road cuts between Ayios Georgios and Vrachos region to the north). In this 
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Fig 2.69 Sketch map of the Ayios Dimitrios region, southern Vermion. In 
this region the Cretaceous Transgressive Group is in thrust contact over 
the Petagonian Ophiolite Nappe and Pelagonian marbles, resulting in 
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into mylonites and are structurally overlain by a thick sequence of serpentinite. The 
uppermost marbles record a pronounced N-S lineation (Fig 2.69, plot AG!) identical to that 
described from the Kriapetra section, whilst the overlying serpentinite has undergone 
spectacular shearing and thrust imbrication associated with the formation of numerous small 
duplex structures (Plate 2.24C, Fig 2.69, plot AG2). All these duplex's imply over-thrusting 
towards the south. Up section these serpentinites are overlain by extremely strongly 
deformed lithologies of the Cretaceous LTF (red-bed conglomerates, lateritic mudstones, 
marble conglomerates and fossiliferous neritic carbonates with scattered Nerinid and 
?Orbitolina sp. fragments, Plate 2.913 & 2.25C). The most characteristic feature of these 
conglomerates, as with the Kriapetra section, is the elongation of the clasts parallel to the 
thrust transport direction and at right angles to observed folds (i.e. elongation parallel to the 
A tectonic axis, Plate 2.25C, Fig 2.69, plots AG3 & AG4). The contact between 
serpentinites of the Pelagonian Ophiolite Nappe and the LTF has also been the focus of 
considerable imbrication, with several thrust-bounded slices of deformed conglomerates 
within phacoidal serpentinite exposed beneath the main thrust contact (Fig 2.69, Ay. 
Georgios section). 
Following the main road uphill to the NE from this region lithologies of the LTF can be 
found in almost direct tectonic contact with the Pelagonian Marble Group, with the 
serpentinite reduced to a I -5m thick highly sheared horizon. Moving eastwards the degree 
of tectonic cut-out increases, with ultimately the PFF in direct thrust contact over the 
Pelagonian Ophiolite Nappe or the Pelagonian Marble Group (well exposed between the NE 
end of KrLpetra ridge and Kato Vermion, Fig 2.70). Tectonic "fish" of both Pelagonian 
Marbles and Cretaceous carbonates are developed within the PFF in this region (Fig 2.70). 
The entire zone has the appearance of a tectonic melange and has clearly undergone intense 
deformation during the Tertiary orogeny, possibly related to intense thrust imbrication or 
due to deformation along a regionally important transverse fault. In support of the latter 
hypothesis is the fact that a transverse fault can be mapped to extend NE into the Almopias 
zone from this region and clearly separates markedly different units to the north and south 
(Fig 2.70). As mentioned in section 2.5.6, this structure is also along strike from, and 
possibly an extension of, the fault which bounds the northern margin of the Vourinos 
ophiolite. 
In the Kourmaria region an almost identical situation to that described from the Ayios 
Dimitrios region is developed, with lithologies of the Cretaceous LTF (previously assigned 
to the Mavri Rakhi Fm) in thrust contact over serpentinite and lithologies of the Pelagonian 
Marble Group. The Cretaceous lithologies are typically strongly deformed and lineated, 
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with the lineation developed at right angles to the strike of reverse faults developed in the 
Cretaceous units (Fig 2.70). The main overthrusting direction was towards the SW. 
The contact to the Almopias Thrust and Haut Vermion Nappe is well exposed in the Ayios 
Dimitrios region, with the PFF showing typical shearing and strain hardening as one 
approaches the thrust contact (marked by serpentinite, red-bed mudstones and 
conglomerates). The underlying PFF records at least three phases of cross-cutting structures, 
the most dominant folds trending towards the ESE-SE, associated with a pronounced 
lineation (Fig 2.69, plots PFFI & PFF2). These folds are cut by kink folds trending towards 
the NE (plot PFF2). Moving north-eastwards, the Haut Vermion Nappe is in direct tectonic 
contact with the tectonic melange described above (well exposed NE of Kriapetra and SW 
of Kato Vermion, Figs 2.69 & 2.70). 
In summary, there is clear evidence that the Cretaceous Transgressive Group of the 
Pelagonian zone is in tectonic contact over all the underlying lithologies (Pelagonian 
Ophiolite Nappe and Pelagonian Marble Group) in the Ayios Dimitrios and southern 
Vermion region. This deformation resulted in overthrusting of the Cretaceous 
Transgressive Group to the south in the Ayios Dimitrios region and to the SW in the 
Kourmaria region, associated with décollement along the line of the Pelagonian Ophiolite 
Nappe and intense thrust imbrication. The basal lithologies of the Cretaceous LTF 
underwent dynamic metamorphism and deformation associated with this major 
overthrusting, resulting in a basal zone of very deformed rocks. This situation is identical to 
that developed ir the western Vermion, although the amount of thrust movement arpears  to 
be considerably greater in the Ayios Dimitnos/southern Vermion region, locally resulting in 
considerable tectonic cut out with the PFF thrusting directly over the Pelagonian Marble 
Group. Structurally above this thrust, the Cretaceous Transgressive Group is overridden by 
the Haut Vermion Nappe. 
The question is hence raised; did the macro-scale fold within the Pelagonian marbles and 
ophiolite exposed in the Ayios Dimitrios region develop due to this major Tertiary 
overthrusting event, or was the fold structure pre-existing and related entirely to Eohellenic 
deformation, as suggested by Vergely (1984)?. Data collected during the course of this 
favours the former case. Outcrops in the river valley SE of Megali Rakhi and WNW of the 
monastery of Ayios Pantelefmon (Fig 2.69) revealed excellent exposures of folds within the 
Pelagonian marbles (Plate 2.24A). Structures attributable to Eohellenic deformation exposed 
in this region include isoclinal folds associated with the pronounced lineation and well 










Reverse faults and 
associated sllckensid•8 & 
lineations in basal LTF 
Fig 2.70 Sketch map of the Koumaria and Kato Vermion region of the 
southern Vermion. In this region the Haut Vermion Nappe is almost in 
direct thrust contact over the Pelagonian marbles, with an intense 
irnbricate zone developing beneath the nappe comprising phacoidal and 
sheared flysch with blocks of marbles (Cretaceous and Triassic-Jurassic 
in age) and serpentinite. This zone possibly also parallels a major Tertiary 
Transverse fault. In the Koumaria section the Cretaceous LTF is in thrust 
contact over serpentinite and marbles, this situation being directly 
comparable to the Ayios Diniitrios and western Vermion regions. The 
basal deformed sediments of the LTF along this contact were previously 
wrongly assigned to the Mavri Rakhi Fm. 
(and associated cleavage) and reverse faults (Fig 2.69, plot APi). These later folds are of a 
larger wavelength, than the earlier-developed folds and are open to similar in style. The 
trend of these folds is identical to folds developed in the overlying PFF (plots PFF1 & 
PFF2, equivalent to the CTI trend of Vergely, 1984) and they are almost exactly 900  away 
from the dominant stretching lineation develop in the Pelagonian Marbles, Pelagonian 
Ophiolite and Cretaceous LTF described above (Fig 2.69, plots AGI-4 & Kl-2). It is 
difficult to envisage that the two structures are not related, and that the lineation is parallel 
to the A tectonic axis of these folds. The reverse faults associated with these folds in the 
Pelagonian marbles also tie in well with the broad N to S sense of thrusting developed along 
the major thrust contact between the Pelagonian Ophiolite Nappe and the overlying LTF. 
Importantly, these reverse faults re-deform and compress boudins of Eohellenic age (Plate 
2.24A) and cut Eohellenic folds. The later folds also locally refold Eohellenic folds, but 
show no evidence of subsequent refolding themselves. In conclusion, these later folds and 
reverse faults are here attributed to Tertiary deformation, and tie in well with a large 
Tertiary fold structure which developed below the overriding and detached LTF. The 
scenario envisaged by Vergely (Fig 1.6, p132, vol2, 1984) of this macro-scale fold 
developed beneath a large overthrust is thus retained, although rather than this overthrust 
nappe being the Pelagonian Ophiolite Nappe it is envisaged here that the overthrust 
comprises the Cretaceous Transgressive Group and Haut Vermion Nappe, and that the 
Ayios Dimitrios structure is of Tertiary age. 
2.9.6 Tertiary (Neohellenic) metamorphism 
The Tertiary metamorphic evolution of the Pelagonian zone was not studied in detail as part 
of this research. All regions studied show features attributable to metamorphism within the 
greenschist facies, with the typical paragenesis of albite, quartz, chlorite and epidote. The 
presence of tremolite-actinolite in the more ferruginous samples of the PFF was also noted, 
as was the locally very common occurrence of stilpnomelane (particularly the PFF 
immediately below the Almopias Thrust). This would suggest metamorphism in the upper 
greenschist facies (high pressure-low temperature). All previous workers in the study area 
(e.g. Mercier 1968, Campion 1966, Braud 1967, Fourmaintraux 1967, Vergely 1984 and 
Mountrakis 1984) reached similar conclusions. 
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2.9.7 Summary and conclusions 
Major fold and thrust deformation of Tertiary age is widely developed, particularly in the 
western and southern Vermion. This deformation exploited the mechanically weak horizon 
of the Pelagonian Ophiolite Nappe with resulting intense thrust imbrication. Typically the 
overlying Cretaceous Transgressive Group underwent décollement from the Pelagonian 
Ophiolite Nappe and behaved as a relatively coherent unit (although local fold and thrust 
imbrication is developed). This décollement and thrusting was associated with deformation 
and metamorphism of the basal horizons of the LTF, and these deformed lithologies were 
previously wrongly assigned to the Mavri Rakhi Fm. Deformation beneath the Pelagonian 
Ophiolite Nappe involved regional-scale folding and reverse faulting, typically concentrated 
along schist horizons within the Pelagonian Marble Group. The macro-scale folds 
developed in the Messovounon and Ayios Dimitrios regions are thought to be of Tertiary 
age. The contact to the overlying Almopias thrust sheets is marked by strain hardening of 
the PFF and local up-thrusting of Pelagonian basement lithologies (Pelagonian Marble 
Group). This deformation was associated with greenschist facies metamorphism. 
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PLATE 2.24 
Field photograph of strongly deformed marbles of the KGF exposed in the Akrini region 
(Fig 2.69). These marbles were initially deformed during the Eohellenic event, resulting in 
the development of a marked stretching fabric, boudinage and a associated penetrative 
lineation. During Neohellenic deformation these structures were redeformed, resulting in 
compression of the originally boudinaged cherty horizons and thrusting (pencil for scale). 
Spectacular outcrops of mesoscale folds exposed within the APBM in the Arnissa region 
(bc 9 of Fig 2.36). The folds at this locality are picked out by proud weathering 
replacement chert. Although superficially resembling sheath folds, the pronounced axial 
parallel lineation can be seen to parallel fold axis and is of a uniform orientation throughout 
this outcrop (the lineation and fold axis are roughly parallel to the pen and strike of the 
outcrop). These folds also verge to the NE (left). 
Small Tertiary duplex within serpentinite of the Pelagonian Ophiolite Nappe in the 
Akrini region, southern Vermion (plot AG2, Fig 2.69). All such duplex structures in this 
region confirm overthrusting of the Cretaceous Transgressive Group and Haut Vermion 
Nappe towards the south/left (pencil for scale). 
Same outcrop of cherty micrites as shown in B, but here showing Tertiary brittle 
fracturing and box folds (pencil for scale). 
PLATE 2.25 
Photomontage of the macroscale, SW verging, recumbent syncline in the Akrini/Ayios 
Dimitrios region (see cross section on Figs 2.23 & 2.69). The core of this syncline is 
occupied by ophiolitic melange (including blueschists) and serpentinitic lithologies of the 
Pelagonian Ophiolite Nappe, and pass down section (right) conformably in to the 
Pelagonian Marble Group. Lithologies of the Pelagonian Marble Group reappear to the 
north (left) on the inverse limb of this fold. Based on evidence presented in this thesis the 
fold is thought to be related to major Tertiary overthrusting of the Cretaceous Transgressive 
Group and Haute Vermion Nappe. Y shows younging directions. 
Strongly deformed and dynamically metamorphosed rudites of the Cretaceous LTF in the 
Akrini region. The elongation of individual clasts is parallel to the major overthrusing 
direction (plots AG3 & 4, Fig 2.69). Such deformed conglomerates of the LTF are widely 
developed in the western Vermion where the LTF is in thrust contact over the Pelagonian 
Ophiolite Nappe. Such lithologies were previously wrongly assigned to the Mavri Rakhi 
Formation (Pencil for scale). 
Deformed and undeformed platy bedded micrites rich in high-spiral gastropods from the 
Cretaceous LTF in the Akrini/Ayios Dimitrios region. The deformation developed in the 
left had sample, which comes from near the basal thrust contact over the Pelagonian 
Ophiolite Nappe, progressively dies out up section and passes in to well preserved 
fossiliferous micrites (right hand sample). No tectonic break is visible, and the contact is 
clearly gradational. The presence of deformed Orbitolina sp. in the basal lithologies also 
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The Western Almopias zone 
3.1 Introduction 
The Western Almopias zone is thrust over the Pelagonian zone to the west and is, in turn, 
thrust over by the Central Almopias zone to the east (Figs 3.1 & 3.2). The contact between 
the Pelagonian zone and Western Almopias zone is the Almopias Thrust, which seperates 
thin-skinned, Tertiary thrust sheets (Almopias zone) from a relatively stable foreland 
(Pelagonian zone). The stratigraphy of the Western Almopias zone is essentially of 
"Pelagonian type" (i.e. Triassic-Jurassic marbles and serpentinite unconformably overlain 
by a carbonate-elastic sequence of Late Jurassic-Late Cretaceous age), leading Mercier 
(1968) to refer to the Western Almopias zone as the Prealmopian zone (i.e. para-
autochtonous in relation to the Pelagonian zone). The stratigraphy of the Western Almopias 
zone in the study area is well known, following the studies of Mercier (1968) and Campion 
(1966), to comprise a mixed carbonate-clastic sequence of Mid Cretaceous (Aptian-
Albian) to Early Tertiary age. Mercier (1968) recognised two tectono-stratigraphic units 
in the study area, the Kerassia Unit in the north and the Kedronas Unit in the south (Figs 
3.2 & 3.3). The contact between these two units is along the Nission Fault. The 
sedimentology and structure of these two units was studied as part of this work. The 
sedimentology of the Kerassia Unit is dealt with in more detail than the Kedronas Unit, as 
sedimentological '"ork on the Kedronnas Unit by Campion (1966) is excellent. 
Sandwiched between the Kerassia Unit and the Pelagonian zone is a sequence of 
"volcaniclastic" schists and limestones of ?Late Jurassic-Lower Cretaceous age (Figs 3.1, 
3.2 & 3.7). These lithologies were assigned to the Pelagonian flysch, or base of the Kerassia 
Unit by Mercier (1968), but subsequent work (Bijon 1982, Mercier & Vergely 1984) 
suggested they constituted a seperate unit. On the IGME 1:50 000 geological sheet (Arnissa) 
this unit is referred to as the "Volcano-sedimentary and limestone formation of the Kerassia 
Unit". Bijon (1982) referred to this unit as the "Ecailles de Karidia". In this work this unit is 
referred to as the Basal Kerassia Unit. 
Outside the main study area the stratigraphy of the Western Almopias zone is relatively 
little known. In the north (north of Kato Loutraki Fault) is the Loutra Pozar/Loutra Aridea 
Unit (Mercier 1968, Migiros & Galeos 1990), whilst in the south are the complex Ano 
Grammatiko Immbricates and the Haute Vermion Nappe (Brunn 1966, Braud 1967, 
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Braud et al., 1984). These units were not studied in detail as part of this work, and are 
briefly addressed at the end of this chapter. 
In the following sections exposures of the Western Almopias zone in the "corridor" between 
the Kato Loutraki Fault in the north and the foothills of the Vermion in the south are 
described first (Fig 3.1), starting with the Basal Kerassia Unit, followed by the Kerassia and 
Kedronas Units, respectively. These sections are followed by a brief discusion of the 
structural evolution of the area, sequences of the Western Almopias zone outside the main 
study area, and the general conclusions based on this work. 
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3.2 The Basal Kerassia Unit 
Late Jurassic-Lower Cretaceous transgressive cover to the Eohellenic nappes 
3.2.1 Introduction 
The Basal Kerassia Unit forms a N-S trending unit between Kato Koryfi and Nission (Figs 
3.1, 3.2 & 3.7). This unit overthrusts the Pelagonian flysch in the west and is overlain by the 
Kerassia Unit in the east. Bijon (1982) and Mercier and Vergely (1984) defined this unit as 
a 250m thick ?Late Jurassic-Lower Cretaceous series of crystalline limestones overlain by 
serpentinites, volcaniclastic schists and lenses of marbles with coralline fragments. The 
importance of this unit for an understanding of the study area cannot be overstressed, as it 
forms the first cover rocks over emplaced and deformed ophiolitic lithologies. Hence a 
comprehensive study of this unit was undertaken, resulting in the first palaeontological data. 
These new data are presented in the following sections. 
3.2.2 The Basal Kerassia Unit - definition and revised stratigraphy 
The Basal Kerassia Unit is here defined as a Late Jurassic (Upper Oxfordian-Lower 
Kimmerdgian) to Lower Cretaceous (Pre Aptian-Albian) mixed carbonate-clastic 
sequence of reef carbonates, redeposited carbonates and mudstones, arenites and rudites rich 
in epiclastic volcanic, metamorphic and ophiolitic detritus. The base of the unit comprises 
serpentinites. However, these are rarely exposed, and a sequence of carbonates and clastics 
more typically form the basal exposures, interbedded with, and overlain by, ophiolitic 
rudites (Fig 3.3). These rudites mark the upper limit of the Basal Kerassia Unit and are 
overlain by red-bed conglomerates and neritic carbonates (the latter at least Aptian-Albian 
in age) of the Kerassia Unit. Due to marked lateral facies variations and tectonic cut-out the 
internal stratigraphy of the Basal Kerassia Unit is quite variable. However, exposures in the 
Nission and Karidia regions give relatively coherant sections (Figs 3.4, 3.5 & 3.6). The 
thickness of the Basal Kerassia Unit is also highly variable (100-250m). 
3.2.3 Exposures NW of Karidia 
Exposures in this region underlie the type section of the Kerassia Unit (Mercier 1968, Figs 
3.7 & 3.9). The basal horizons comprise serpentinised dunites, harburgites and gabbros 
which are gradationally overlain by serpentinitic mudstones and coarse rudites rich in 
epiclastic ophiolite and volcanic derived clasts (Plate 3.1A). Locally these lithologies form 
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sizable blocks (up to lOm in size). Local derivation is clear; probably these lithologies form 
the immediate substratum. These clastic lithologies become better sorted and finer grained 
up-section and pass into interbedded pebbly mudstones, arenites, rudites and thin limestone 
horizons (rich in echinoderm, coralline and shelly debris), which pass conformably up into 
ophiolite-derived conglomerates (Fig 3.9). 
The ophiolite-derived conglomerates mark the top of the Basal Kerassia Unit and are 
overlain conformably and gradationally by red-bed conglomerates and a thick sequence of 
neritic carbonates which equate to the Kerassia Unit of Mercier (1968, Figs 3.7, 3.8 & 3.9, 
intervals A19 a & b). 
3.2.4 Karidia, Nission and Kato Koryfi sections 
3.2.4.1 Introduction 
Road cuts SW of Karidia (Figs 3.4 & 3.7) and in the vie inity of Nission (Figs 3.5 & 3.6) 
offer better sections than the one described above, and are described here. Exposures in the 
Kato Koryfi region are also briefly discussed. 
In the Nission region the stratigraphically lowest exposures of the Basal Kerassia Unit 
comprise a thick carbonate-elastic sequence rich in micritic, coralline, bioclastic and 
lithoclastic carbonates, coarse volcanic, ophiolitic and metamorphic derived rudites and 
arenites and chloritic and serpentinitic mudstones (Figs 3.5 & 3.6). These lithologies form 
the core of an anticlinal structure NNE of Nission and are overlain by ophiolitic 
conglomerates, red-bed conglomerates and neritic carbonates (Kerassia Unit) to the east and 
west (Fig 3.6). Lithologies of the basal interval reappear to the west, where they 
unconformably overlie ?Triassic-Jurassic marbles or directly overthrust the Pelagonian 
flysch. Lithologies of the basal interval exposed in this western region comprise cherty 
biomicrites which are unconformably overlain by neritic limestones and rudites (Kerassia 
Unit), with the intervening ophiolite rudites and red-beds absent. Detailed mapping in the 
Nission region clearly shows that the entire region forms a SW verging Tertiary fold and 
thrust belt (Fig 3.6). 
A similar fold belt is exposed west of Karidia (Fig 3.4), with the Basal Kerassia Unit 
forming a hangingwall anticlinal structure above the Almopias Thrust. Road cuts in this 
region give excellent sections through the Basal Kerassia Unit, and its contact to the 
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Kerassia Unit. Complex backfolding and thrusting immediately west of Karidia village has 
also produced good sections. 
Further north (Kato Koryf)) the Basal Kerassia Unit comprises a thick sequence of 
recrystallised reef carbonates (south of Kato Koryfi, Figs 3.1 & 3.7) overlain by a mixed 
carbonate-clastic sequence to the east. Exposures in this region are poor, although the main 
ridge of limestone appears to comprise neritic (locally definatly reef) carbonates. 
3.2.4.2 Mixed carbonate-elastic sequence 
In both the Karidia and Nission anticlinal structures the basal mixed carbonate clastic 
sequence comprises interbedded carbonates, mudstones, arenites and rudites. The carbonates 
are extremely varied in facies, but virtually always contain coralline, algal, echinoderm 
and shell debris. In-situ reef carbonates are well exposed immediately west of Nission 
church and on the east side of the anticlinal structure (Fig 3.6). These carbonates yielded a 
predominantly coralline fauna of Late Jurassic age, as listed below (Plate 3.2, All coral 
samples were identified with the help of Dr Brian Rosen, British Natural History Museum). 
Stylosmilia c.f. Michelini (U.Oxfordian-Kimmeridgian). 
Thecosmilia c.f. Langi (Late Jurassic). 
Cladocoropsis Mirabilis (Oxfordian-Lower Kimmeridgian). 
Dermosmilia Sp (Upper Oxfordian-Lower Kimmendgian). 
Schizosmilia c.f. Rollieri (Oxfordian-Lower Kimmeridgian). 
Nerinea sp. fragments (Plate 3.2H) and the foram Neotrocholina or Trocholina Sp. (Plate 
3.2F), indeterminate bivalve, bryozoa, algal, hydrozoans and serpluid worms are also 
present in these carbonates. 
The carbonates from which the above fauna came from form distinct patch reef to shell-
bank horizons (the latter often forming the substrate to patch-reefs). In the Nission region 
packed biomicrites rich in oolites are also present interbedded with reefal limestones, as are 
very bioturbated (lagoonal) wackestones with a matrix of faecal pellets, scattered micritised 
intraclasts and bored echinoderm and shell debris. Large nerinid gastropods in these 
lithologies often preserve geopetal structures (Plate 3.2H). Rarely, the hydrozoan 
Cladocoropsis sp. is present in these lagoonal sediments (Plates 3.I13 & 3.2G). All these 
lithologies are hence clearly of shallow-marine facies (reef, lagoonal, forereef etc.). In terms 
of the classification of Late Jurassic reefs by Crevello and Harris (1984) and Scott (1988), 
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FIG 3.5 BASAL KERASSIA UNIT, NISSION REGION 
Fig 3.5. Sections of the Basal Kerassia and Kerassia Units on the eastern side of the Nission 
p anticline (Fig 3.6). Log I shows a W-E section from the southern part of the legion whilst Log 2 
follows a track uphill in the north. In both sections the Basal Kerassia Unit is represented by a mixed 
' carbonate-clastic sequence which 	is overlain by. and interhedded 	with, well 	rounded ophiolite 
derived rudites and arenites. These ophiolitc conglomerates niark the top of the Basal Kerassia Unit. 
and are ovcrlai n gradationally by red-bed I ithologies or iiiargi nal marl ic carbonates and elastics of 
the Kerassia Unit (intervals A19a & b). The basal red-beds of the Kerassia Unit (interval Alt)a( are 
seen to almost completely pinch out between these two logs (Fig 3.6). Such rapid facies chancs are 
A19a typical 	for the basal 	part of the Kerassia Unit. Corals Ironi the basal 
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Fig 3.6. The Basal Kerassia Unit forms an anticlinal structure NNE of Nission in this region, with a nnned carbonate-elastic sequence 	 structure 
forming the core. These lithologies are overlain, and interbedded with, ophiolite conglomerates to both the cast and west, which pass 	 7' 
into red-beds and ntarginal marine lithologies of the Kerassia Unit. The Ophiolite conglonterate is strongly reddened on the western 
side of the anticline, and is gradationally overlain by a thick red-bed sequence. These two lithologics appear to be in thmst contact 	 ) 
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the facies present in the Basal Kerassia Unit equate to rimmed shelf margins-barrier reef to 
ramp shelf settings. The facies present are also comparable to those described by Turnsek et 
al. (1981) from Late Jurassic reefs in former Yugoslavia. 
As well as the above described neritic facies, basinal, redeposited, carbonates are present, 
rich in a redeposited neritic fauna, as well as lithic clasts, including oolitic grainstones and 
structureless biomicrites. In the Karidia section (Fig 3.4) the coralline fauna is clearly 
reworked and redeposited into a more basinal facies rich in micritic blue-grey, planar 
laminated, limestones (with sand-sized shell and echinoderm debris, thin shelled, bivalves, 
calcispheres and radiolarians) interbedded with calcschists, mudstones, arenites and rudites. 
Sparse replacement chert is also present. 
Exposures west of Nission village reveal a similar sequence of biomicrites rich in 
replacement chert (Fig 3.6). These cherty micrites overlie ?Triassic-Jurassic marble in the 
west, or directly overthrust the Pelagonian zone. They are, in turn, unconformably overlain 
by littoral conglomerates and neritic carbonates of Aptian-Albian age of the Kerassia Unit 
(locally rich in Orbitolina c.f. discoidea). Intervening ophiolite-derived conglomerates and 
red-beds are absent (due to tectonic cut out and rapid facies changes), although the contact 
is locally marked by reddened conglomerates. 
In terms of facies, these cherty micrites comprise a thick (up to 150m, but folded) sequence 
of platy to nodular bedded, biomicrites rich in replacement chert interbeded with calc and 
siliceous schists. Rare arenitic horizons with ophiolitic and metamorphic detritus are also 
evident, as are rare BNC facies carbonates (see section 3.3.3). In thin section the biomcrites 
are rich in radiolarian tests, calcispheres, ?Calpionellids, thin shelled bivalves and scattered, 
bored echinoderm, coralline and shelly debris (reworked). These facies are directly 
comparable to the fore-reef facies described by Turnsek et al. (1981) from Late Jurassic 
reefs in Yugoslavia. Comparisons of these cherty biomicrites to the Mavri Rakhi Formation 
of the Pelagonian zone are also possible (Chapter Two), this sequence clearly occupying the 
same stratigrahic setting and being identical in facies. The lack of the penetrative Eohellenic 
(JEI) lineation confirms this correlation. 
Regardless of facies, all limestones of the Basal Kerassia Unit are rich in reworked 
ophiolitic detritus (rounded clasts of serpentinised dunite and chromite grains, Plate 3.11)). 
These clasts are more evident in the neritic carbonates, and are often surronded by coarse 
isopachus fringe cements, with well developed keystone vug features. 
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In all sections the reef and redeposited carbonates are interbedded with serpentinitic 
mudstones, calcarenites, litharenites and rudites (Plate 11A). The arenites and rudites are 
rich in quartz (metamorphic derived), volcanics (acidic to basic lavas and tuff fragments), 
ophiolitic debris (chromite, serpentinite, dunite, harzburgite, amphibolite, gabbro, individual 
amphibole and pyroxene grains etc.), meta-quartzites, quartz-mica schists and rounded 
limestone clasts (rich in coralline debris). Importantly, all of the ophiolitic and volcanic 
detritus within these sediments were found to be reworked and epiclastic. The description 
of the Basal Kerassia Unit as volcaniclastic by Bijon (1982) and on the published IGME 
1:50 000 sheet is thus misleading. 
A distinctive facies of these clastic sediments are coarse-grained quartzarenites and rudites. 
The quartz clasts in these arenites and rudites are spectacularly deformed and recrystallised. 
Clasts of quartz mica schists and rare ultrabasic lithologies (amphibolites) are also present. 
Derivation from a metamorphic basement (?Pelagonian zone) appears likely. Identical 
quartz arenites and rudites are evident in the overlying red beds of the Kerassia Unit. 
The finer grained arenites of these clastic sediments are predominantly lithic greywackes 
rich in volcanic and metamorphic quartz, plagioclase, detrital chromite, mica, serpentinised 
ultrabasics, detrital amphibole and abundant chlorite. Secondary (i.e. Tertiary) 
stilpnomelane and tremolite are visible in these lithologies overprinting the clasts and 
matrix. 
The coarse rudites of this sequence are polymict and very poorly sorted, being rich in 
fossiliferous limestone clasts (as above), ?Triassic-Jurassic marbles, calcarenites, 
metamorphic clasts and common ophiolitic detritus. Some rudites are virtually 100% 
ophiolitic derived, being rich in detrital pyroxene, amphibole, serpentinised dunite, 
chromite, tholeiitic lava, dolerite, granophyre, epidosite and harzburgite. The similarity of 
these clastic lithologies to those present in the Messimeri and Liki Units of the Central 
Almopias zone is striking (Chapter Four). 
3.2.4.3 Ophiolite-derived conglomerates 
In all studied sections, the mixed carbonate-clastic sequence is interbedded with and 
overlain gradationally and conformably by, a sequence of clast-supported conglomerates, 
arenites and mudstones rich in dunitic and serpentinitic clasts (forming 80% of the clasts), 
but also well rounded, fossiliferous limestone clasts (Plate 3.1C). Primary interbeds of 
reef limestone are also present, typically as lenticular build-ups, as are arenites and rudites 
301 
identical to those present in the underlying sequence. The reef limestone horizons, and the 
limestones present as clasts in the ophiolite conglomerate, are identical to the limestone 
beds in the underlying mixed carbonate-elastic sequence and yielded an identical coralline 
fauna. In particular, exposures of ophiolite conglomerate in quarried exposures east of 
Nission yielded a well preserved Upper Oxfordian-Kimmeridgian coral-algal assemblage. 
Of interest, the majority of the limestone clasts in the ophiolite-derived conglomerate show 
small "scam-like" rims of chlorite and serpentinite (Plate 3.IC); these appear to have 
developed as a result of Tertiary metamorphism. These clasts, and indeed the ophiolite 
conglomerate as a whole, escaped the relatively intense Tertiary deformation which has 
affected the underlying mixed carbonate-elastic sequence and the overlying red-beds and 
neritic limestones of the Kerassia Unit. 
The arenites interbedded with the ophiolite conglomerate are very well sorted, comprising 
rounded grains of serpentinised dunite, chromite and rare carbonate clasts (including oolitic 
grainstones) in a coarse sparry matrix of calcite (Plate 3.113). Isopachus fringe cements and 
keystone jug features are common, suggestive of early cementation, probably in a littoral-
shallow marine setting. The interbedded mudstones are planar laminated and cut by bed-top 
grazing trails. Local cross-cutting channelised features within the conglomerates and 
rudites, as well as bi-directional clast imbrication, suggest an active ?fluvio-littoral 
sedimentary setting. 
3.2.5 Contact to the Xerassia Unit 
The contact with the overlying Kerassia Unit is mapped as tectonic (IGME 1:50 000 Amissa 
sheet), with red-bed conglomerates being thrust across the underlying ophiolite 
conglomerates and mixed carbonate-elastic sequence (well exposed west of Agios Paraskevi 
church, Fig 3.4). However, this is the exception, and not the rule. A gradational and 
normal, or unconformable contact between the red beds and the underlying ophiolite 
conglomerate is more typical. This is well exposed in the Nission region, in track cuts north 
of Agios Paraskevi and SW of Karidia. Exposures NNW of Nission (Fig 3.6) reveal that the 
upper levels of the ophiolite conglomerate pass gradationally in to red beds rich in quartz, 
marble and ophiolite detritus. Latteritic deposits are also occassionally preserved along this 
contact, suggesting a locally significant hiatus prior to the deposition of the red beds. These 
red beds are gradationally overlain by fossiliferous shallow-marine carbonates rich in 
coquina horizons of high spiral Nerinea sp. gastropods, rudists and benthic foraminifera of 
the Kerassia Unit (Al 9 detrital interval, Aptian-Albian). These carbonates rest directly upon 
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the ophiolitic conglomerate of the Basal Kerassia Unit, with the red-bed facies pinching out 
(well developed north of Agios Paraskevi, Fig 3.4), and on the eastern side of the Nission 
anticline (Figs 3.5 & 3.6). West of Nission these neritic carbonates sit directly on cherty 
biomicrites, with both the ophiolite conglomerates and red beds absent (Fig 3.6). 
The contact between the Basal Kerassia Unit and the red-beds and neritic limestones of the 
Kerassia Unit thus clearly marks a distinct change in sedimentary facies, locally 
associated with a depositional hiatus. The entire sequence is clearly regressive in nature 
(i.e. reef limestones passing to littoral conglomerates passing to red-beds). This regression 
produced local intraformational (?subaerial) unconformities and erosion of the underlying 
sequences, but appears to be short lived, with the red bed deposits rapidly passing into 
marginal marine sediments by at least Aptian-Albian times. 
3.2.6 Summary 
The Basal Kerassia Unit is of Late Jurassic (Late Oxfordian-Kimmeridgian) to Lower 
Cretaceous (pre Aptian-Albian) age. It comprises a basal horizon of serpentinised 
ultramafics which are unconformably overlain by a mixed carbonate-clastic sequence. 
Facies and thickness variations are marked, with both neritic and redeposited carbonates 
present. These carbonates are rich in ophiolitic and metamorphic basement-derived detritus 
and are interbedded with a clastic sequence with an identical detrital component. Towards 
the top of this sequence well-sorted ophiolitic rudites become apparent, locally interbedded 
with reef carbonates, but also rich in well-rounded limestone clasts derived from the 
underlying sequences. These rudites are overlain (locally conformably, locally 
unconformably) by a sequence of red beds and/or fossiliferous neritic carbonates of at least 
Aptian-Albian age. Facies variations, intraformational unconformities and erosion typify 
this contact. Whilst a tectonic contact is locally present, this reflects a competence 
difference between ophiolite conglomerates and the over-and underlying lithologies during 
Tertiary deformation. 
3.2.7 Regional comparisons (Western Almopias zone) 
3.2.7.1 Ano Grammatiko Unit 
In the Ano Grammatiko region of the Vermion massif (Section 4.7.3, Fig 4.43) an 
equivalent sequence to the Basal Kerassia Unit is developed, again sandwiched between 
ophiolitic lithologies below and Cretaceous (?Aptian) carbonates above. 
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The basal exposures of the Ano Grammatiko Unit comprise ophiolitic lithologies. A thick 
carbonate-clastic sequence as seen in the Basal Kerassia Unit is not developed however, 
and, in contrast, the ophiolitic lithologies are overlain by ophiolitic-derived conglomerates. 
Recrystallised limestone clasts are also developed in this horizon, with coralline and algal 
fauna locally visible. Assemblages from this horizon yielded a Late Jurassic age (Section 
4.7.3, & Plates 4.12 & 4.13). These Late Jurassic limestones are again seen to be rich in 
detrital chromite and eroded ophiolitic lithologies, and minor basement, metamorphic, 
clasts. Up section, the ophiolitic conglomerate passes gradationally into conglomeratic and 
calcarenitic facies (rich in ?Triassic-Jurassic marbles, ophiolitic, volcanic and metamorphic 
detritus) prior to passing into thin-bedded slope carbonates of possible Lower to Late 
Cretaceous age. 
3.2.7.2 Voras massif 
North of the Kato Loutraki Fault in the Voras massif (Loutra Aridea Unit) Galeos et al. 
(1992, 1994) have recently described an identical coralline assemblage to that described 
from the Basal Kerassia Unit and Ano Grammatiko sections. This assemblage comes from 
in-situ reef limestones interbedded with and overlying ophiolitic conglomerates. These 
lithologies unconformably overlie deformed and eroded ophiolitic lithologies and a 
basement sequence of ?Triassic-Jurassic age, and are themselves overlain by a thick 
sequence of red-bed rudites, arenites and mudstones which yielded a pollen assemblage of 
Late Jurassic-Lower Cretaceous age. These clastic deposits pass in to a mixed carbonate-
clastic interval rich in a neritic fauna of Late Aptian-Middle Albian age. This sequence is 
obviously directly comparble to the Basal Kerassia and Kerassia Units to the south. 
3.2.8 Summary and depositional environment 
The ophiolites (greatly eroded) of the Western Almopias zone are unconformably overlain 
by a mixed carbonate-clastic sequence of Late Jurassic (Upper Oxfordian-Lower 
Kimmeridgian) to Lower Cretaceous (pre Aptian-Albian) age. These deposits 
effectively "seal" the Eohellenic JEI event of Vergely (1984), and give an upper age limit 
to the emplacement of ophiolitic nappes in the Western Almopias zone. 
In terms of a sedimentary environment of deposition, the Basal Kerassia Unit developed in a 
shallow-marine setting (rimmed shelf margin to ramp shelf setting for the carbonates) which 
was subject to vigorous current activity. Basinal (fore-reef) deposits are also present. Facies 
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changes are often rapid over very short distances, with littoral-neritic carbonates and 
conglomerates juxtaposed with thin-bedded, hemipelagic micrites. Developement of these 
sequences over a highly irregular and probably faulted basement is likely. Facies analysis 
of the Liki-Marganta, Messimerion and Klissochon Units (age and distal equivalent of 
sequences of the Western Almopias zone. Chapter Four) record similar sequences and rapid 
facies changes. As will be seen in the following sections, study of the Aptian-Albian and 
younger sequences in both the Western and Central Almopias zone reveals a similar marked 
topographic control on sedimentation and facies distribution. 
The ophiolite-derived conglomerates and reef limestones of the Western Almopias zone 
developed concurrently. Periodic growth of these carbonates during lulls in clastic 
sedimentation followed by erosion, sediment input from an ophiolitic-carbonate (?Triassic-
Jurassic) and metamorphic hinterland and basement, and reworking to form the 
conglomerates in a littoral setting is suggested. The upward transition to the red-bed 
conglomerates clearly indicates sedimentation occured in a regressive cycle (i.e. reef & 
shelf limestone and arenites passing into littoral conglomerates and eventually red-bed 
conglomerates). This might relate to a progradation of facies from the Pelagonian zone out 
into the Almopias zone, or to an overall Lower Cretaceous sea-level drop (Haq et at., 1987). 
All the above described sequences are overlain by a thick mixed carbonate-clastic sequence 
of Aptian-Albian to Maastrichtian age. 
The above described sequences (including Ano Grammatiko and Voras) are very similar to 
those developed in the Paikon zone (Chapter Six), where the folded and metamorphosed 
Khromni Volcanic Formation is unconformably overlain by the Tithonian aged Khromni 
Limestones which pass upwards into red-bed facies of the Eohellenic Flysch and neritic 
carbonates of Aptian-Albian age. No clear tectonic break is evident in this sequence, 
although marked intraformational unconformities and facies changes are evident (S. Brown 
pers. comm 1993). 
Similarly, in the Pelagonian zone, primarily in the Vourinos and Askion regions, the 
Pelagonian ophiolitic nappe is unconformably overlain by Late Jurassic-Lower Cretaceous 
carbonates of both pelagic and neritic facies (Chapter Two). These carbonates are overlain 
by red-bed conglomerates and neritic carbonates of Aptian-Albian and younger ages. As 
with the Western and Central Almopias zone, rapid facies variations typify these sequences, 
and appear to be fault controlled. The ?Late Jurassic-Lower Cretaceous (undated) Mavri 
Rakhi Formation of the eastern Pelagonian zone (Chapter Two) is also comparable to the 
Basal Kerassia Unit. This formation comprises cherty, hemipelagic micrites which 
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unconformably overlie ophiolitic lithologies below and are themselves unconformably 
overlain by red-bed conglomerates and neritic carbonates of Cenomanian and younger age. 
Clearly then, a transgressive series of Late Jurassic (Oxfordian-Kimmerdigian and 
younger) age is widely developed in the northern Pelagonian, Almopias and Paikon zones 
above ophiolitic and volcanic formations. All formations underlying these transgressive 
carbonates underwent pervasive deformation and metamorphism (Eohellenic, JEI event of 
Vergely 1984) prior to this transgression. These sequences are overlain (locally 
conformably, locally unconformably) by a thick mixed-carbonate clastic sequence which 
reaches in to the Late Cretaceous (Maastrichtian, see following sections). 
A further conclusion is the lack of conclusive evidence for a second Eohellenic event (JE2 
of Vergely 1984). In the Pelagonian, Almopias and Paikon zone sequences which are 
continious from the Late Jurassic (Kimmeridgian-Tithonian) to the Lower Cretaceous 
(Aptian-Albian) and Late Cretaceous are preserved. Stratigraphic breaks are evident in 
these sequences, but these seem to be intraformational unconformities relating to changes in 
sedimentation as opposed to a widespreoddeformation. This conclusion is supported by 
structural studies. For example, the transgressive cover of the Vourinos and Vermion 
regions of the Pelagonian zone have only been affected by Tertiary deformation (Chapter 
Two). Similarly, the deformation of the Late Jurassic-Lower Cretaceous formations of the 
Western and Central Almopias zone can be attributed to Tertiary deformation (section 3.5 & 
Chapter Four). The Liki-Margarita Unit of the Central Almopias zone preserves an 
apparently unbroken Late Jurassic to Maastrichtian sequence. In the Paikon zone structures 
attributed to the JE2 event (Vergely 1984) have also been shown to be Tertiary in age 
(Sharp & Robertson 1992, Chapter Two, Brown & Robertson 1994). 
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PLATE 3.1 
Basal Kerassia Unit. Coarse, matrix-supported, rudite-rich in epiclastic ophiolite and 
volcanic-derived clasts (gabbro, dolerite, amphibolite,harzburgite, tholeiitic lavas, volcanic 
quartz, rhyolite, and tuff). Fossiliferous limestOne clasts are also present. Clast elongation is 
parallel to dominant schistocity (pencil for scale). 
Basal Kerassia Unit. Well sorted, ophiolite-derived, arenite, comprising rounded grains, 
of serpentinised dunite, chromite and rare carbonate clasts in a coarse matrix of spaiy 
calcite. Isopachus fringe cements and keystone jug features (not shown) are commoii, 
suggestive of early cementation, probably in a littoral-shallow marine setting (10mm, PPL). 
Basal Kerassia Unit. Clast-to matrix supported ophiolite conglomerate, rich in dunitic 
and serpentinitic clasts (forming 80% of the clasts), but also well rounded, fossiliferous 
limestone clasts, set in a matrix similar to B. The limestones are identical to the limestone 
beds in the underlying mixed carbonate-clastic sequence and yielded an identical coralline 
fauna (Upper Oxfordian-Kimmeridgian), although limestone clasts from the ophiolite 
conglomerate are generally better preserved. The majority of clasts show small "scam" like 
rims of chlorite and serpentinite to them (middle right, light green rim), which appear to 
have developed as a result of Tertiary metamorphism (pencil for scale). 
Basal Kerassia Unit. Calcarenite which forms the substrate to a patch reef. Note 
Cladocoropsis sp. (bottom right) and Stylosmilia c.f. michelini (top left) fragments. The 
other dominant clasts include carbonate detritus (micritised intraclasts, echinoderm & shell 
fragments) and ophiolite derived detritus (chromite, black grains, and serpentinised 
ultramafics) set in a micritic matrix (20mm, PPL). 
PLATE 3.2 
Basal Kerassia Unit. Late Oxfordian-Lower Kimmeridgian fauna from reef limestones (in-
situ & clasts) from the Nission region. 
Dermosmilia Sp. (Upper Oxfordian-Lower Kimmeridgian). 
Thecosmilia c.f. Langi (Late Jurassic). 
Schizosmilia c.f. Rollieri (Oxfordian-Lower Kimmeridgian). 
D & E. Stylosmilia c.f. Michelini (U.Oxfordian-Kimmeridgian). 
Neotrocholina or Trocholina Sp. (Late Jurassic - Lower Cretaceous). 
Cladocoropsis Mirabilis (Oxfordian-Lower Kimmeridgian) lagoonal hydrozoan. 
Spinose Nerinid gastropod with geopetal structure infilled by faecal pellets and micrite 
at base and sparite at top. 
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3.3 The Kerassia Unit 
3.3.1 Introduction 
Mercier (1968) described the Kerassia Unit as comprising a detrital mixed carbonate-clastic 
basal sequence of Aptian-Albian to Santonian age (Al 9), a central carbonate division of 
Campanian to Maastrichtian age (Al 10) and anupper flysch division of Maastrichtian to 
?Palaeocene age (Al 11, Figs 3.3 & 3.8). The basal detrital sequence Mercier (1968) further 
subdivided into seven Units (Al 9a-9g). During the course of this work the stratigraphy of 
Mercier (1968) was found to be very accurate, and is hence retained (with minor 
modifications). Three major sections were studied during this study (Fig 3.7); the type 
section of Mercier (1968) following track and natural cuts west of Poulia (890m) to 
Kerassia (Figs 3.8 & 3.9); a large road cut west of Orma (Fig 3.10); and a section paralleling 
the road to Nission (Fig 3.13). Numerous other sections were studied in addition, and are 
described in the text where appropriate. Figure 3.7 shows a locality map of the Kerassia 
Unit and outcrops discussed in the text. 
3.3.2 Basal red-bed conglomerates (Interval A19a) 
3.3.2.1 Stratigraphy and facies 
The basal conglomerates and associated lithologies are the facies equivalent of the basal 
Red-bed Member, of the Lower Transgressive Formation of the Pelagonian zone (Chapter 
Two), although the conglomerates of the Kerassia Unit are probably older (post 
Kimmeridgian, pre Aptian-Albian). They are widely exposed at the base of the Kerassia 
Unit in thrust contact with the Pelagonian flysch or Basal Kerassia Unit. Good sections are 
exposed, from north to south (Fig 3.7), along the road cut west of Orma (Fig 3.10); in track 
cuts east of the broad col of Ano Koryfi; along the main road cut up to Kato Koryfi 
(?upthrust); in track cuts uphill from Kato Koryfi (south of spot height 101 im); in quarry 
and road cuts in the type section (Fig 3.9); and particularly in the region between Karidia 
and Nission (section 3.2, Figs 3.4-3.6). 
The conglomerates of this interval comprise poorly sorted, clast supported, rudites rich in 
deformed and reddened angular to well rounded ?Triassic-Jurassic marbles (forming up to 
90% of the clasts present), serpentinised ultrabasics, angular milky quartz, pelloidal bauxite 
and hematite-rich mudstone rip-up clasts. Tuffaceous clasts, volcanic quartz and ophiolitic 
arenites are also evident. Sorting varies from well imbricated rudites (Plate 3.2C) to 
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FIG 3.8. Stratigraphy of the Kerassia Unit (from Mercier, 1968) 
Al 11 Flvsch 	 Upper Maastrichtian . ?Palaeocene 
I Ic) black calc-schists 
I Ib) Schists and calcarenites with Globotruncana sp. 
I Ia) Schisis and arenites with limestone clasts 
Al 10 Limestpnes with rudist debris 	Upper Campanian - Maastrichtian 
Undivided, rich in Hippurites sp.. Pironea sp., Siderolites sp. and Globotruncana sp. 
Al 9 Detrital series 	Aptain-Albian- ?Campanian 
Thin and platy bedded yellow limestones with Globotruncana sp. interbedded with arenite and 
rudite horizons. Coniacian-Santonian and ?Campanian. 
90 Black ferruginous limestones interhedded with rare lenses of rudites with Nerinea olisiponensis and 
Orbitolina cf. concava fragments (reworked). Cenomanian-Turonian. 
9e) Red schists interbedded with poorly cemented arenites, yellow limestones and brown calcarenites. 
9d) Dark brown ferruginous limestones with Nerinea sp, Orbitolina discoidea and Orbitolina concava. 
Upper Albian-Cenomanian. 
9c) Dark brown, ferruginous limestones with small gastropods and rare rudist debris at the base and 
large rudist debris towards the top. 
Light grey-beige limestones, with local red colourations, rich in small gastropods and Orbitolina 
lenticularis and Orbitolina discoidea. Aptain-Lower Albian. 
9a) Conglomerates rich in limestone, gabbro and serpentinite clasts interbedded with red sehists, 
arenites and red limestones/marbies. 
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bedding-parallel organised clasts, to angular, unsorted, breccias. The pebble imbrication 
orientation can change 1800  from one horizon to the next, confirming bi-directional 
currents. Clast size is extremely variable, although between 5-30cm is common. These 
rudites are interbedded with red/purple, micaceous, pebbly mudstones, planar laminated 
siltstones and fine-grained arenites. The arenites are locally very poorly cemented, 
immature and rich in plant debris, although more typically they are very well sorted pink 
arenites-calcarenites. Cross bedding (herring bone), trough-cross sets, pebble imbrication 
and planar lamination in these better sorted arenites confirms deposition in a ?tidally active, 
high flow regime setting. Bioturbation is locally evident. 
One distinctive lithology of this interval is composed of well sorted, cross-bedded, virtually 
monomict quartz arenites and rudites. These lithologies are identical to quartz arenites of the 
Basal Kerassia Unit, being rich in strained and deformed metamorphic quartz and quartz-
mica schists. Individual amphibole and marble clasts are also locally present. All these 
clasts show a well developed pre-existing schistocity (attributed to Eohellenic, JE1 
deformation), associated with the development of mica, tremolite-actinolite and amphibole. 
These minerals and the matrix are cut by later (Tertiary) tremolite and stilpnomelane. 
In the finer-grained sediments, local olive green mottling is developed, typically associated 
with areas of bioturbation and the appearance of secondary ferruginous nodules (c.f. 
sideritic "shot' as typical of red-bed continental deposits, e.g. Euturia Marl of Staffordshire, 
UK. Bessly, 1988). Very rarely, in-situ seatearths are developed (e.g. road cut to Kato 
Koryfi, Fig 3.7), identifiable by the presence of anastomising root systems (associated with 
secondary siderite), abundant listric surfaces, variegated mottling and occasional caliche. 
The majority of marble clasts in these basal conglomerates point to derivation from the Kato 
Grammatiko Formation (or equivalent) of the Pelagonian zone. Rare fenstral marbles are 
also present, however (derived from the Kaimaktchalan Marble Formation). Large 
(?upthrust) reddened and palaeokarstic weathering fenstral marbles are exposed at the 
western end of the Orma road cut (Fig 3.10). 
In the type section, the Orma section, and in sections west of Karidia and in the Nission 
region, nodular bedded, buff-cream to orange coloured carbonates are interbedded with red-
bed lithologies. These carbonates are often very nodular, have brecciated tops, and are 
devoid of fauna. As such they are very reminiscent of carbonates developed in typical 
sabkha sequences (e.g. Triassic of UK., Anderton et al., 1985). Possibly these nodular 
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carbonates developed in a similar setting due to evaporation of temporary lakes in a ?coastal 
plain setting. 
Up section primary interbeds of locally fossiliferous limestone appear (high spiral 
gastropods, corals, oysters etc.), confirming a gradational passage to marine (?marginal 
marine-lagoonal) conditions during a transgressive phase. This situation is similar to that 
developed in the Pelagonian zone (Chapter Two) and Paikon zone (Chapter Six). 
3.3.2.2 Summary and depositional environment 
The basal red-bed member (interval Al9a) was deposited in a high energy fluvial to littoral 
setting. As with the red beds of the Pelagonian zone, development in a subaerial setting 
followed by redeposition into a marginal marine (coastal plain to lagoonal) environment is 
suggested. However, the appearance of seatearths confirms subaerial conditions are 
preserved in-situ locally. These seatearths appear within a sequence of rudites and arenites 
which show abundant evidence of high energy fluvial deposition (?braided river setting). 
Possibly the nodular carbonates interbedded with these lithologies represent lake-lagoonal 
deposits which developed on a coastal plain, although the nodular and brecciated nature of 
some of these carbonates might imply an origin as calcrete. The appearance of fossiliferous 
limestones up section confirms a gradual change to marine conditions. 
3.3.3 Aptian-Lower Albian to Upper Albian-Cenomanian marginal marine to shelf 
carbonates (Intervals Al 9b-Al 9d) 
3.3.3.1 Stratigraphy and fades 
The red-bed conglomerates are gradationally overlain by a thick sequence of marginal to 
fully marine carbonates, which Mercier (1968) divided into three (A19b, Al9c & A19d, Figs 
3.3 & 3.8). In all sections studied these neritic carbonates are gradationally overlain by a 
clastic sequence (interval Al 9e, e.g. Figs 3.3, 3.8, 3.9 & 3.10). 
Facies of this sequence are of a marginal marine-lagoonal nature at the base, and 
become progressively more marine up section, prior to returning to marginal marine-
lagoonal sediments again towards the top. Nodular to flaggy bedded buff, beige, grey and 
red biomicrites and calcarenites, locally rich in hematite, typify the basal part of the 
sequence, and are rich in Orbitolina discoidea, Orbitolina lenticularis, high spiral nerinid 
gastropods, rudist, echinoderm and oyster debris and Textularia sp. These carbonates pass 
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into, and are interbedded with, a sequence of rudist and gastropod-bearing limestones 
(Interval Al 9c of Mercier, Fig 3.8), which are overlain by a mixed carbonate-clastic interval 
characterised by complex facies variations (interval Al 9d). Mercier (1968) identified 
Orbitolina discoidea, Orbitolina concava, Textularia sp. and the large nerinid gastropod 
Cossmannea (Eunerinea) sp. from this upper interval, suggesting a Late Albian-
Cenomanian age. 
Facies of the basal interval (Al 9b) are well exposed in the type section (Fig 3.9), in road 
cuts west of Orma (Fig 3.10), in track cuts NNW of Kato Koryfi, and along the main road 
between Kato Koryfi and Sarakini. This interval gradationally overlies (and is interbedded 
with) the red beds. 
Up section, fossils gradually appear (high spiral gastropods and scattered oyster debris). The 
gastropods are often current oriented parallel to their elongation, the orientation often 
varying dramatically from one horizon to the next (Plate 3.2D). Broad NW to SE flow 
directions can be picked out (Fig 3.11). Gastropod-bearing facies of this interval are 
particularly well exposed in track cuts NNW of Kato Koryfi and in the road section west of 
Orma (Fig 3.7). Flaggy-bedded calcschists-mudstones, pink and buff nodular bedded 
carbonates to calcarenites (BNC facies, see below) and rare microconglomeratic horizons, 
rich in ?Triassic-Jurassic marbles, quartz and tuffaceous clasts are exposed at these 
localities. High spiral gastropods are concentrated in distinct horizons, (typically the thin-
bedded calcschist to nodular carbonates), sometimes randomly oriented, other times 
strongly oriented (Plate 3.213). Normal and inverse grading are developed, and the matrix 
typically comprises gritty calcarenite rich in micritised and bored intraclasts (rudist and 
echinoderm fragments), mica and rare quartz and basement-derived mica schists. Two types 
of gastropod are evident in these coquinas, one small, one large. Such a low-diversity, high-
density fossil assemblage suggests a harsh, restricted environment of deposition, probably 
lagoonal or marginal marine. In the Kerassia section (Fig 3.9) the first fossiliferous 
limestone (sample 586) is rich in miliolids, Trocolina sp. and possibly Orbitolinopsid 
?capuensis, confirming a marine setting, and possibly indicating a slightly older age 
(Hauterivian-Barremian) than that suggested by Mercier (1968). 
These gastropod-bearing carbonates are interbedded with grey, buff and pink, nodular 
bedded carbonates. These carbonates form a very distinctive reoccurrng facies of the 
Kerassia Unit (and the Western Almopias zone as a whole), and are here termed the Buff 
Nodular Carbonates (BNC). At outcrop (Plate 3.4), the BNC are characterised by grey, 
generally fossiliferous, micritic to calcarenitic limestone nodules or elongate (bedding 
31 
parallel) nodular horizons cut by a network of anastomising, flaser to rippled bedded, buff, 
yellow, beige and pink micrite, silt and locally very fine grained sand (Plate 3.4). These 
partings are between 1mm to 1cm thick and are elongated parallel to bedding, although 
vertical partings are also developed. The degree of nodularity of the BNC greatly varies, 
with a spectrum from extremely nodular carbonates to weakly nodular or platy bedded 
carbonates evident (Plate 3.4C & D). Similarly, these BNC facies can be very micritic or 
very arenitic and detrital in nature, the later lithology being rich in mica, quartz, lithic 
fragments and abundant reworked, bioturbated and micritised shelly fragments. The fauna 
present in these carbonates typically occur in distinct pocket accumulations within the 
individual nodules, the flaser bedded buff matrix being poor in fauna (Plate 3.4B). 
Orbitolina sp., gastropods, oysters, shell (?rudist) and echinoderm debris (typically strongly 
bored and surrounded by micritic envelopes) and scattered algae are the typical fauna 
present. Shelter porosity fabrics are often evident. BNC facies carbonates rich in a restricted 
fauna (high density, low diversity) of high spiral gastropods alone are typical from the lower 
part of the sequence (e.g. Orma section, Fig 3.10), whilst diverse assemblages are found in 
BNC facies up section. The faunally diverse facies are typically rich in Orbitolina sp. 
(Plates 3.5A, B & C & 3.6A) The development of these facies in a very shallow marine 
(?lagoonal) to middle shelf setting is suggested based on this faunal assemblage. The 
more faunally diverse BNC reflect deposition in a more open marine setting. Bedding-plane 
exposures revealed that the oysters and other bivalves within the grey nodules are in, or not 
far off, life position. Ferruginous staining is also evident on some bedding planes, 
sometimes associated with boring. Possibly these features represent firm ground 
conditions. 
The nodularity of the BNC facies appears to be dependent on several factors: bioturbation, 
differential lithification of the limestones in comparison to the silty interbeds and syn-
sedimentary deformation. Evidence for bioturbation is abundant, the buff partings having 
an overall "churned" look. Mottling is also developed (Plate 3.4D), as are areas rich in 
faecal pellets. Locally, Thalassinoides and Planolites burrow systems are evident. This 
burrowing partially breaks up the semi-lithified carbonate. Evidence for syn-sedimentary 
faulting of a semi-lithified lithology is also widespread. The fossiliferous nodules are often 
sharply truncated by the buff partings, with individual fossils not extending across the 
contact (Plate 3.4A, B & Q. On bedding plane exposures randomly orientated "sheet-crack 
like" networks are also seen to cut fossiliferous carbonates, these cracks infihled by buff to 
pink micrite, silt and sand. Other sheet cracks are infilled by a coarse blocky calcite cement. 
This effect is possibly entirely related to bioturbation and early lithification (see below), 
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although the calcite-filled sheet-cracks are thought more likely the result of syn-sedimentary 
to post early lithification deformation. 
A very similar facies of nodular bedded carbonates were described by Perkins (1974) and 
Wilson and Jordan (1983) from the Cretaceous (Albian) of Texas. They attributed the 
development of these nodular carbonates to differential compaction and solution in 
inhomegeneous mixtures of shale and limestone, with the shales compacting whilst the 
limestones lithify early and hence resist compaction. The resulting texture is an irregular, 
nodular bedded structure. Solution-compaction along numerous solution seams result in the 
development of clay layers between pure calcium carbonate lumps. These clay layers are 
often stylolitic in nature, a feature also observed in the BNC of the Kerassia Unit. These 
authors also attribute the original inhomogeneity in the sediment to bioturbation. 
Hence the three most notable features of these BNC are irregular bedding, extensive 
bioturbation and local exposure (firmground) surfaces. These are the three most 
commonly occurring features of deposition in a middle shelf setting (Wilson & Jordan, 
1983). 
Occasionally in-situ rudist reef carbonates developed within this sequence, rich in large 
Caprinid rudists and minor corals (Plate 3.3E). In the type section (Fig 3.9) one such reef 
build-up is developed a short distance above the basal gastropod-rich coquinas (west of spot 
height 890m, Figs 3.7 & 3.9), and built-up on a substratum of gritty, bioclastic packstones. 
The lateral extent of these rudist-bearing carbonates is very limited, and they lens laterally 
into more typical BNC facies. They, thus, form patch-reefs which developed on a 
topographically elevated winnowed substratum. 
A similar patch-reef is exposed in the Orma section (Fig 3.10 & prominent viewpoint, Fig 
3.7). This reef carbonate is also rich in Caprinids (Plate 3.3E) and overlies a gritty packstone 
horizon rich in broken and angular rudist debris. The reef limestone itself is a wackstone 
rich in well spaced Caprinid rudists; This reef limestone is overlain by an interval of 
extremely bioturbated wackstone rich in micritised intraclasts set within a spary calcite 
matrix. Fenstral fabrics are locally developed. These features suggest a possible back reef, 
lagoonal environment of deposition. Overlying these bioturbated micrites are a very thick 
sequence of BNC. These carbonates are very bioturbated and rich in bored shelly debris and 
micritised intraclasts. Orbitolina sp. gastropod and coralline debris are also evident. Oysters 
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FIG 3.10. THE KERASSIA UNIT, ORMA SECTiON (possbly some tectonic repatition in riterval A19d) 
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Fig 3.11. Rose diagrams of current oriented high spiral nerinid gastropods from the basal part 
(interval A19b) of the Kerassia Unit. Plot I is from exposures NW of Kato Koryfi (Fig 3.7) and 
plots 2-8 are from the Orma section (Fig 3.10). E-W flow directions are developed in plot I, 
whilst a SE palaeocurrent trend is clear in the Orma section. Plots 9-I I are from the top of 
interval A19d in the Orma section, and reveal broad N/NW to S/SE flow directions. 
FLOW DIRECTION 
 10 D.  
N-14 	N-8 	N-9 
Overlying the reef carbonates in the type (Kerassia) section are a very varied assemblage of 
facies (Fig 3.9). These lithologies probably equate to Mercier's (1968) interval A19d, with 
the underlying rudist-bearing horizon equating to interval Al9c (Fig 3.8). The first overlying 
lithologies comprise thin-and platy-bedded calcarenites and micritic carbonates (calcaires en 
plaquets) interbedded with microconglomerate horizons. The micritic carbonates are rich in 
pelagic foraminifera (?Globotruncana sp., poorly preserved in secondary quartz), which 
occur both as distinctive traction carpet "lags" and scattered more evenly throughout the 
micrite. The calcarenites and microconglomerates are rich in rounded ?Triassic-Jurassic 
marble pebbles, basement-derived mica schists, mica and quartz, micritised intraclasts and 
angular intraformational limestone clasts (rich in corals and rudists). Ophiolitic detritus is 
also evident. These detrital horizons are in erosional contact with thinner-bedded lithologies, 
with well developed basal load and scour structures passing up into planar laminated and 
rippled horizons. Pebble imbrication is also developed. All these lithologiès are extensively 
bioturbated by Callianassa-type pebble-filled burrows. The similarity in facies between 
these lithologies and the Bela Reka Member (Chapter Two) is striking, and a similar shelf 
setting is suggested, with the individual microconglomeratic horizons resulting due to 
periodic ?storm activity and/or tectonism. A marked deepening of the depositional 
environment from the rudist bearing carbonates to these lithologies is thus present. Up 
section, a coarsening-and shallowing-up (?prograding) sequence appears to have developed, 
with a second reef build-up developed over rudites and calcarenite packstones rich in 
winnowed shell debris (well exposed along ridge top to south, Fig 3.7). This second horizon 
of reef carbonates is overlain by a thick sequence of BNC extremely rich in Orbitolina sp. 
(Plate 3.513 & C, & Plate 3.6A). Redeposited, detrital horizons rich in broken and bored 
coralline and rudist fragments, quartz and mica are interbedded with the BNC, probably 
derived from adjacent build-ups. Locally coral-algal-and rudist-bearing lenticular build-ups 
are evident. All of these lithologies are often extremely bioturbated and rich in the sheet-
crack features described above. The fauna are again preserved in distinct pocket 
accumulations within the grey nodules of the BNC, with the buff and pink matrix 
surrounding them. These lithologies are excellently exposed on the broad ridge of Poulia 
(890m) and in extensive strike sections along the main road south out of Kerassia (Fig 3.7). 
In both the Kerassia and Orma sections the uppermost lithologies of this interval (upper 
parts of interval A19d of Mercier, 1968, Fig 3.8) see an increase in clastics coupled with an 
overall shallowing of the depositional environment. In the Orma section (Fig 3.10), a thick 
sequence of BNC passes into a sequence of more flaggy-to platy-bedded pink, buff and 
yellow limestones and calcschists, with basement-derived detritus generally increasing. 
Spectacular coquina horizons rich in current orientated, high spiral nerinids are common in 
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this interval, and along with oysters, form the main fauna of these limestones. Broad 
NINNW to SISSE palaeoflow directions are apparent (Figs 3.10 & 3.11). Such high density, 
low diversity assemblages again point to a restricted, marginal marine, environment. The 
oyster shells are preserved in both life and death assemblages, and are often found as 
cemented clusters. Boring and encrusting serpluid worms are evident on some shells 
(?firmground conditions). 
These gastropod-and oyster-rich lithologies gradually die-out up section, with a 
corresponding increase in clastic input. A decrease in the size aswell as the number of 
gastropods was also noted, as was an increase in the degree of attrition displayed by 
individual fossils. The overlying limestones are typically grey, planar-laminated, silty 
micrites and calcarenites interbedded with siltstone and mudstone horizons. Locally these 
limestones are quite ferruginous, and display fenstral fabrics, abundant bioturbation and 
faecal pellets, suggestive of lagoonal environments. 
A similar sequence is exposed in the Kerassia section (Fig 3.9), with Orbitolina sp. bearing 
BNC becoming more clastic up section, eventually passing in to a sequence of nodular and 
ferruginous, gritty, carbonates and calcarenites rich in oysters in life position and as 
coquinas. Reddened ?Triassic-Jurassic pebbles and quartz are present in these calcarenites, 
which locally show very nodular bedded-conglomeratic textures. Possibly they represent 
subaerial erosion of these marginal marine carbonates. Interbedded with these calcarenites 
are poorly sorted, immature, pebbly mudstones, arenites and rudites rich in basement 
derived clastics. Reworked Cretaceous limestones (intraformational) are also evident, as are 
rare primary Orbitolina sp. bearing interbeds. The spectacular gastropod coquinas, as 
exposed in the Orma section, are not evident. This gradual increase in clastics associated 
with the appearance of a restricted, shallow marine fauna is taken as evidence for a overall 
shallowing (?and progradation) of the depositional environment. 
3.3.3.2 Summary 
Intervals A19b, c & d of the Kerassia Unit are interpreted as a mixed carbonate-clastic 
sequence which developed in a marginal marine to middle shelf setting, probably with a 
south-eastwards facing ?ramp geometry. These carbonates developed during a major 
transgressive phase over a coastal plain area (interval A19a). Internal facies variations are 
marked and complex, although a similar evolutionary history can be picked out in both the 
Orma and Kerassia sections (Figs 3.9 & 3.10). Several prograding and retrograding 
sequences are developed, particularly in the Kerassia section, with one of the 
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retrogradational sequences resulting in brief development of facies typical of a outer shelf 
to slope setting. The controls on the dynamics of this sedimentary environment are unclear, 
although tectonic activity is strongly suspected to be a controlling factor (discussed later). 
Whilst lagoonal and middle shelf facies are easily recognisable, the intermediate beach and 
shoreface facies are difficult to positively identify. Possibly the current orientated gastropod 
bearing lithologies and winnowed bioclastic packstones developed in this setting. 
In both the Orma and Kerassia sections an upward progradational, regressive sequence is 
developed at the top of the sequence, with facies typical of the middle shelf passing into 
?shoreface and lagoonal sediments (rich in current oriented gastropods and coquinas) and 
ultimately into clastics. These clastics possibly indicate a return to coastal plain 
sedimentation (see below). 
3.3.4 Clastic sedimentation (Interval A19e) 
3.3.4.1 Stratigraphy and facies 
Mercier (1968) suggested a sequence of red schists interbedded with poorly cemented 
arenites, yellow limestones and brown calcarenites as being typical facies of this interval 
(Fig 3.8). 
As described above, the contact between neritic carbonates (rich in oysters and nerinid 
gastropods) and these clastics is gradational (well exposed in both the Orma and Kerassia 
sections, Figs 3.9 & 3.10). The upper contact between this clastic interval and a return to 
predominantly carbonate sedimentation (interval A19f) is also gradational. 
In the Kerassia section (Fig 3.9) the clastic interval (A19e) is characterised by 60-70m of 
poorly sorted and cemented rudites, arenites, siltstones and mudstones. The basal part of this 
interval comprises coarse rudites and pebbly mud-siltstones rich in clasts of rounded and 
reddened ?Triassic-Jurassic marbles and angular milky quartz. These basal rudites are 
overlain by a sequence of poorly cemented, very immature arenites, siltstones and 
mudstones rich in sub-angular to sub-rounded quartz (volcanic and metamorphic derivation) 
and mica set in a ferruginous matrix (Plate 3.613). Sedimentary structures are rare, but 
include normal and inverse grading and planar lamination. Deposition in a high flow regime 
(?fluvial-coastal plain) setting is suspected. The mudstone horizons are often very poorly 
cemented. The contact to interval A19f is marked by the appearance of flaggy bedded 
limestones with numerous arenite and schist partings. 
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In the Orma region the clastic lithologies form the eastern end of the road cut (top Fig 3.10), 
and extend towards the SSE to strike through the col west of Toumba (542m, Fig 3.7). In 
contrast to the Kerassia section, coarse, very poorly sorted and immature rudite horizons are 
common, interbedded with normal and inverse graded arenites, siltstones and mudstones. 
All lithologies are rich in basement-derived detritus (including chromite). A coarsening 
upwards sequence appears to be developed as one moves eastwards along the road section. 
3.3.4.2 Summary 
The depositional environment of this clastic interval is here interpreted as coastal plain to 
marginal marine, as it is conformably over-and-underlain by lagoonal sediments. The 
paucity of sedimentary structures does not allow a detailed sedimentary analysis of these 
sediments, although sediment derivation from a basement terrane is clear. 
3.3.5 A Return to carbonate deposition (Interval A19f) 
3.3.5.1 Stratigraphy and facies 
Gradationally overlying the clastic interval Mercier (1968) described an interval of grey-
black ferruginous limestones interbedded with lenses of caicrudites rich in limestones clasts 
and milky quartz (Figs 3.3 & 3.8). Mercier identified Nerinea olisiponensis and Orbitolina 
cf. concava fragments (reworked) from these clasts, and suggested a Cenomanian-
Turonian age. 
In the type section (Fig 3.9) the basal limestones are buff to orange, nodular to flaggy 
bedded, very bioturbated, sparse to packed biomicrites with numerous arenite and siltstone 
interbeds. Small nerinid gastropods (Plate 3.5E), Orbitolina sp., and Monoplurid rudists 
(occurring as small, in-Situ, cemented clusters, Plates 3.5E & 3.6D) are locally quite 
common. Carbonate content gradually increases up section with fossiliferous, grey, nodular 
bedded packstones and wackestones appearing, rich in small Monoplurid rudists, 
gastropods, articulated bivalves (pectins and oysters) and coralline-algal debris (Plate 3.6C). 
The algae is often developed around strongly bored shelly debris. Locally well developed 
coquina horizons are evident. Thin section study of these lithologies (Plate 3.6) reveals an 
abundance of features indicative of deposition in a shallow marine, Jagoonal, setting 
(sparite-filled fenestrae, geopetal structures, miliolid and faecal pellet-rich wackestones, 
micritised intraclasts and abundant evidence of bioturbation). These basal lithologies are 
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overlain by up to 60m of thicker bedded, sparse to packed biomicrites and packstones rich in 
a rudist (Monoplurid), gastropod, coralline and algae fauna, locally in life position, locally 
reworked as coquina horizons (Plates 3.513 & E & 3.6C & D). Bioturbation is locally very 
common, either as Thallassonoides to Rhizocorallium structures or evidenced by a 
pronounced mottling and "churned" fabric. Detrital quartz confirms ongoing clastic input. 
The uppermost lithologies of this interval are extremely bioturbated (Plate 3.6E), but 
yielded a sparse fauna of Orbitolina convava, Orbitolina ?cuvillieri and Praealveolina sp. 
(Plate 3.617). The latter form suggests a Cenomanian age. 
An almost identical sequence is exposed on the prominent knoll of Toumba (542m, Fig 3.7) 
ESE of Orma. The clastic interval Al9e passes through the col in this region. The overlying 
carbonates are flaggy bedded at the base and become extremely rich in rudists 
(Monoplurids, present as cemented clusters, Plate 3.5D) and coralline-algal assemblages in 
life position and as reworked coquinas up section. Horizons rich in oysters are also evident, 
as are local more detrital intervals rich in quartz and mica. Unlike the Kerassia section, 
arenites and rudites similar to the underlying interval form distinct interbeds. 
Similar lithologies exposed in track cuts south of Dassaki (687m, Fig 3.7) are also assigned 
to this interval on the basis of the facies present, which include oyster, nerinid, Monoplurid 
and coral-algae rich limestones with a marked clastic element (quartz, mica etc.). The oyster 
and gastropod fossils are locally current oriented (implying flow towards the SE). 
3.3.5.2 Summary 
Lithologies of this interval developed in a shallow marine setting. The presence of oyster 
and high spiral gastropods (locally current oriented) suggests very shallow marine, locally 
high energy, conditions, as do the common coquina horizons rich in Monoplurid rudist and 
coralline-algae fauna. In-situ, coralline-algae and rudist reef limestones become common up 
section. The facies of this interval are identical to those described by numerous authors from 
back-reef, lagoonal environments from the Mid Cretace9us (e.g. Glen Rose Formation of 
Texas, Perkins 1974). Scott (1988) also suggests such Monoplurid-coral-algal-oyster 
assemblages are typical of back reef settings. A similar setting is suggested here. 
In all studied sections clastic detritus forms an important component of this interval, either 
as individual horizons or interbedded with the reef carbonates. This clastic detritus probably 
represents fluvial input from the coastal plain. 
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The presence of rare Orbitolina concava in this sequence was locally noted (e.g. Plate 3.6E). 
These fossils are not reworked (as suggested by Mercier, 1968), but clearly from 
foraminiferal packstones identical in facies to the Orbitolina sp. -bearing carbonates of 
interval A19d. These forms were found in the lower to middle part of the sequence. 
Importantly, Orbitolina cuvillieri and Praealveolina sp. (the latter occurring in the 
uppermost lithologies of this interval, Plate 3.61 7) are also present, albeit rare. This would 
hence suggest Merciers (1968) age of Cenomanian-Turonian is probably too young, with 
Albo-Cenomanian ages being confirmed for at least the basal part of this interval. Probably 
the sequence extends in to the Cenomanian (as suggested by the presence of Praealveolina 
sp.), although the exact age of the upper levels of this interval remains to be confirmed 
conclusively. What is clear is that the contact between this interval and the overlying 
interval marks a dramatic change (deepening) in the depositional environment, as discussed 
in the following sections. 
3.3.6 Hemipelagic sedimentation during the ?Turonian, Coniacian, Santonian and 
?Campanian (Interval A19g) 
3.3.6.1 Introduction 
Interval A19g was described by Mercier (1968) as a' sequence of thin-and platy-bedded 
limestones interbedded with schist, arenite and rudite horizons up section (Figs 3.3 & 3.8). 
He suggested a basal Coniacian-Santonian and ?Campanian age based on an abundant 
Globotruncana sp. Turonian ages were not confirmed by Mercier (1968), although he did 
originally report (1960) Globotruncana helvetica, suggesting a basal Turonian age. 
In his Agras section (Fig 3.12a), Mercier (1968) identified a lower interval (Al9gl) of 
recrystallised, platy-bedded, ferruginous, limestones rich in Globotruncana sp. typical of the 
basal Coniacian (and possibly the Turonian). This interval is overlain by a detrital interval 
(Al9g2) of platy-bedded limestones interbedded with glauconitic calcarenites and 
microconglomerates. Mercier (1968) identified a Coniacian-Santonian to Upper 
Santonian Globotruncana sp. fauna from this interval. These hemipelagic carbonates are 
gradationally overlai n by Upper Santonian-Lower Campanian rudist-bearing carbonates. 
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3.3.6.2 Contact to the neritic carbonates of interval A19f. Evidence for subsidence of 
the Western Almopias zone during the Cenomanian-Turonian? 
Kerassia section 
In the Kerassia section (Figs 3.7 & 3.9) the contact between neritic (lagoonal-reet) 
carbonates of interval Al9f, to hemipelagic, carbonates of interval A19g is marked by an 
intraformational conglomerate. This conglomerate sharply overlies the underlying 
carbonates and is no more than Im thick, comprising very angular clasts (lOcm-lcm 
diameter) of lithologies identical to the underlying carbonates set within a buff biomicritic 
matrix (Plate 3.6E). The first lithologies of the overlying A19g interval comprise thin, platy -
bedded, hemipelagic sparse biomicrites, locally rich in a poorly preserved fauna of 
Globotruncana sp. and calcitised radiolarians. These biomicrites are interbedded with thin 
bedded, normal graded, micaceous calcarenites. All lithologies are extensively bioturbated. 
The extremely rapid change in facies recorded across this contact, from shallow marine reef 
carbonates to hemipelagic facies typical of an outer shelf-basinal setting, is here taken as 
evidence for a dramatic subsidence of the Kerassia carbonate platform. 
Nission section 
The Nission section (Fig 3.13) has not been discussed until now due to the incomplete and 
faulted nature of the sequence, as well as a lack of good palaeontological data to allow 
comparison to sections further north. However, facies of intervals Al9e to A19g are well 
exposed in this region (scattered track and natural sections along and north of the road to 
Nission from Agras station, Fig 3.7), and allow a detailed look at the sedimentary 
environment of deposition which occurred just prior to the deposition of the hemipelagic 
deposits of interval Al9g. 
The basal exposures in this region were described in section 3.3, with red-beds and/or neritic 
carbonates and Pelagonian derived rudites overlying ophiolite conglomerate (Figs 3.5 & 
3.6). Lateral facies variations are marked. Locally, the red-bed conglomerates pinch out 
completely. What is immediately apparent from exposures in this region is that the entire 
sequence is considerably more detrital in nature than the northern exposures of the 
Kerassia Unit, with caicrudite and calcarenites dominating (rich in well rounded Triassic-
Jurassic marble pebbles). These lithologies show abundant evidence for rapid deposition, 
including erosive bases, cross and rippled bedding, lenticular outcrops, slump folds and syn- 
321 
sedimentary faulting (Fig 3.13). These lithologies are interbedded with nodular to platy 
bedded micrites, gritty micrites and local Caprinid-rich patch reefs. Bioturbation of all the 
above facies is marked. These lithologies probably equate to intervals Al9b to Al9d to the 
north. 
The overlying sequences are clastic dominated and generally chaotic. These lithologies 
are assigned to interval A19e and the upper levels (limestone rich) possibly to interval A19f. 
Rudites and redeposited lithologies dominate (Plate 3.7B) and are polymict, being rich in 
basement detritus (Triassic-Jurassic marbles, quartz, quartzite, mica schists, ophiolite 
detritus, tuff, lava etc.), but also intraformational Cretaceous clasts (neritic fossils, neritic 
limestones and rip-up clasts). Sorting is very poor, and amalgamated flows typify the 
sequence. Lateral facies variations are extremely marked. Clast size in individual flows is 
very variable, some matrix-supported rudites containing up to meter-size blocks "floating" 
in a micritic or calcarenitic matrix. Some rudites are set in a chlontic to serpentinitic matrix, 
whilst others are set in a calcarenitic of calcareous matrix. Interbedded with these rudites are 
thin-bedded calcarenites, arenites, microconglomerates, micrites and mudstones which are 
erosively cut into or drape and onlap the above rudites. These facies are similar to 
lithologies in the underlying intervals (i.e. high energy ?upper to middle shelf deposits), but 
appear to be more clastic in nature, and show abundant evidence of syn-sedimentary 
faulting. This is presumably related to the proximity of the Nission Fault. 
Up section, limestone content increases (clasts and primary interbeds), but basement derived 
rudites and arenites persist. Lateral facies variations become even more marked. Most of the 
limestones beds again appear redeposited, with well developed calcrudites composed of 
angular "rafts" of neritic limestones present. Individual limestone blocks show evidence of 
internal brecciation and break-up, whilst some of the thinner-bedded lithologies show 
"necking" features at right angles to bedding. Some of the limestones are very rich in 
current oriented rudist and echinoderm debris which appear to build up on, and are 
surrounded by, coarse clastics. Some of these fossiliferous limestone undoubtedly form 
large blocks (i.e: olistoliths). The "background" sediments of these clastic lithologies are 
thinner bedded and show signs of syn-sedimentary faulting. These lithologies also appear 
of a more "distal/basinal" facies to the "background" sediments lower in the sequence. One 
thin limestone interbed with these upper horizons was found to be extremely rich in 
Pitho'iella ovalis. 
The above described rudite-dominated sequence is capped by a ?redeposited, very 
bioturbated, limestone (rich in broken rudist and echinoderm debris) which is sharply 
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overlain by buff, nodular bedded, micaceous, micrites with minor redeposited rudites (Fig 
3.15). These lithologies pass gradationally into facies typical of interval Al9g (see below), 
the contact running roughly along the west side of the valley west of spot height 659m 
(Korifi, Fig 3.7). Coarse rudites are evident in the basal part of this sequence, but as with the 
Kerassia section, a rapid facies change to thin-bedded hemipelagic and pelagic micrites 
interbedded with thin, normal graded, turbiditic arenites, calcarenites and 
microconglomerates is clear. Well developed Bouma sequences are evident in these 
redeposited horizons. Evidence for slumping and syn-sedimentary faulting of these 
lithologies is also common. The microfauna present are pelagic, including calcispheres, 
Globotruncana sp, radiolarians, multiserial Hetrohelica etc. These forams are often well 
preserved in quartz (Plate 3.9A, B & D) and show evidence for current (turbidity) 
deposition. 
Clearly then, a rapid subsidence event, preceded and coupled with extensive 
redeposition and tectonism, typifies the contact to interval A19g. Facies of this interval 
are now discussed in detail. 
3.3.6.3 Facies 
Facies of interval A19g are similar throughout the study area, well exposed, from north to 
south (Fig 3.7), in road sections NW of Sarakini (main road to Kato Koryfi); in track cuts 
due south of Sarakini (between the main road to Kerassia and Dassaki, 682m, to the east); in 
the type section west of Kerassia; in Merciers (1968) section east of Agras station (Fig 
3.12a); at the eastern end of the road cut to Nission (Figs 3.7 & 3.13); in exposures around 
Agras football pitch (Fig 3.14), and in numerous track cuts west of Agras. 
The platy-bedded, hemipelagic, micrites, thin-bedded calcarenites and thicker bedded 
microconglomerates of this interval (Plates 3.7, 3.8 & 3.9) are directly comparable to the 
Cretaceous "Scaglia" facies of Italy and Yugoslavia (Desio 1973, Montanari et al., 1989, 
Baldanza et al., 1982, Polsak 1981). These facies typically develop in a fore-reef/outer 
shelf, basinal setting and show features of deposition both by pelagic-hemipelagic 
processes, but also conspicuous features indicative of deposition as turbidity currents. 
Comparisons to the Mid Cretaceous fore-reef deposits of Mexico (Enos, 1974) and the 
upper levels of the Bela Reka Member are also obvious (Chapter Two). 
The platy bedded carbonates of this interval are typically planar-laminated, locally rippled 
and generally extensively bioturbated by a diverse range of ichnofabrics (including 
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Thallasonoides, Planolites, Rhizocorallium, Zoophycos, Plate 3.I013). The upper levels of 
these platy carbonates locally show bedding-parallel replacement chert (along burrow 
systems). The limestones are of a mixed pelagic-clastic facies, with sparse biomicrites 
(Plate 3.9A) and gritty calcarenites (Plate 3.913) forming the two end members. Detrital 
mica (parallel to bedding) and quartz are locally abundant, as are silt-to-sand sized, bored, 
echinoderm and shell debris and micritised intraclasts. These clasts are either present as 
minimal detritus in sparse biomicrites (rich in Globotruncana sp., calcispheres, calcitised 
radiolarians, oligosteginids, Plate 3.9) or form distinct redeposited horizons (from mm scale 
laminae to individual beds, Plates 3.813 & C & 3.9A, B & D). In thin section a distinct 
rhythmic lamination of hemipelagic micrites and redeposited lithologies is evident, the 
redeposited lithologies loading and scouring into the micrite (Plate 3.8C & 3.9A). Mica is 
generally concentrated at the top of the redeposited intervals, which have well developed 
packstone fabrics. Locally, redeposited concentrations of Globotruncana sp. at the top of 
individual redeposited horizons are developed (Plate 3.913), or the foraminifera show a 
bedding parallel orientation within a micritic matrix (i.e. showing some evidence of current 
deposition). Foraminifera in the overlying biomicrites are randomly oriented (i.e. pelagic 
rain, Plate 3.9). Complete Bouma sequences are also evident (Plates 3.713 & 3.813), with a 
basal graded interval overlain by a planar laminated interval, a rippled interval (the ripples 
sometimes oversteepened, Plate 3.813), an upper, planar-laminated, interval and a micritic 
top (rich in Globotruncana sp. which show evidence of current deposition or are randomly 
oriented). However, amalgamated flows are more typical. Several such Bouma sequences 
are often seen within one thin section (Plate 3.9A), although complete Bouma sequences up 
to 70cm thick are also evident. Well developed load, scour and grading structures are also 
visible at outcrop (Plate 3.713 & 3.813), as are locally very common syn-sedimentary micro-
faults (Plate 3.7A) and slumps (well exposed in Agras section and quarry section east of 
Agras football pitch, Figs 3.14 & 3.16). The micro-faults are clearly of a syn-sedimentary 
origin as evidenced by the entrainment of sediment along the fault plane and the thickening 
of sediment into hanging wall areas (Plate 3.7A). 
The microconglomeratic horizons represent the end member of the clastic input and are 
typically erosive based, normal graded and clast supported (Plate 3.7A, Fig 3.16). In. terms 
of provenance, ?Triassic-Jurassic rounded marble fragments are common (sometimes 
very reddened), and are accompanied by reworked Cretaceous limestones (angular and 
generally of neritic facies), intraformational rip-up clasts (platy bedded carbonates, 
arenites and calcarenites), mica, mica schists, quartz, quartzites. Individual reworked 
fossils are also very common, including silt to sand sized bored echinoderm and shell 
(rudist) debris. Often sizeable rudist, bivalve, coralline and gastropods are identifiable. 
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These clasts are present in traction carpet horizons at the base of individual rudites, and 
often grade up in to calcarenites (Plate 3.913) and hemipelagic micrites (Plate 3.71) & 3.8B 
&C). 
Significantly, east of the Nission section a series of channelised redeposited limestones 
(up to 15m thick in total) can be seen to erosively cut in to the above described "Scaglia" 
facies in quarried outcrops (Fig 3.7, Plate 3.7C). These limestones comprise several 
redeposited flows rich in angular rip-up clasts of the underlying lithologies, isolated 
Pelagonian marble pebbles and transported neritic fossils, including large Radiolitid rudists. 
Interbeds of normal graded calcarenite and microconglomerate identical to the under-and 
overlying "background sediments also form distinct horizons within the redeposited 
limestone (Plate 3.7C). The upper levels of this redeposited limestone are extensively 
bioturbated and pass gradationally back in to typical hemipelagic micrites and thinner-
bedded turbiditic lithologies. In thin section, the redeposited limestone is typically an 
unsorted biosparite rich in silt-to-sand sized bored echinoderm and rudist (Radiolitid and 
Hippuritid) fragments. Bioturbation is abundant. One intraclasts is rich in micritised shell 
fragments cemented in a sparite matrix, clearly sourced from a nentic environment. The 
under-and overlying arenites and microconglomerates are identical in provenance to those 
described from the Agras section (Fig 3.14). This channel complex appears to be broadly 
oriented W-E, again implying a Pelagonian derivation. 
Broad west to east flow directions were generally confirmed from measured ripple crest 
trends (Fig 3.15), with a SE-NW strike prevalent in the Agras and Nission regions and a N-S 
strike in the Kerassia section. 
In all sections an overall increase in clastic, redeposited lithologies (at the expense of 
hemipelagic micrites) is clear towards the contact to the overlying reef limestones (well 
seen in Agras sections, Figs 3.12a & 3.14, with clastic lithologies becoming dominant some 
20m below rudist bearing limestones). Highly lenticular calcarenites and rudites typify this 
increase in clastics. These horizons are often strongly reddened, and rich in basement clasts 
(including very rounded Pelagonian marbles, serpentinite, chromite and metamorphic 
clasts). Redeposited rudists and shelly debris are also evident. In exposures east of Agras 
station (Fig 3.12a) one extremely lenticular, normal-graded, calcarenite is seen to disappear 
from a 1 .5m thick to a 20cm-thick horizon over a horizontal distance of 5m (Plate 3.8A). 
Syn-sedimentary faulting is particularly well developed within these clastics, and might be 
partly responsible for the marked lateral thickening and thinning of individual horizons. 
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Fig 3.1 2a. Merciers (1968, modified) Section of interval A19g east of Agras train station (Fig 
3.7). The basal part of the section (A19g I) is dominated by "Scaglia" facies, with pelagic and 
hemipelagic thin bedded micrites interbedded with redeposited arenites. Up section an 
overall increase in clastic lithologies is developed (A19g2), with thicker redeposited arenites 
and rudites appearing, although hemipelagic sediments still form the 'background" 
sediments. These lithologies often rapidly lense-out laterally (Plate 3.8A). The contact to the 
overlying rudist bearing limestones (AllO) is often marked by an erosional contact in this 
section, or the rudist bearing limestones are completely absent, with "Scaglia facies" passing 
directly in to flysch. A bored and iron encrusted hardground and intraformational 
conglomerate to the top of the reefal limestone is also present. 
SSW 	 NNE10 	reworked limestone clasts 
Scaglia facies 
Fig 3.12b. Mercier's (1968) three-fold division of the Kerassia Unit flysch based on 
exposures north of Agras. Lithologies of the flysch are the age and facies equivalent of 
the Pelagonian Flysch Formation. Clasts of rounded "gritty" limestone form conspicuous 
horizons in this and the Agras football pitch section (Figs 3.14 & 3.16), and are derived 






























___ ______ ______  OWN 
too 
swum 
In the northern exposures a conformable and sharp contact to the overlying rudist bearing 
limestones is developed (Kerassia Section). A similar sharp contact is evident in the south, 
although locally lithologies of interval A19g pass directly into flysch, with the rudist 
bearing carbonates pinching out. This is well seen north and south of Agras (Plate 3.9C). An 
erosional contact of the rudist-bearing limestones into the underlying lithologies is evident 
in quarry exposures east of Agras football pitch (Fig 3.14 & Plate 3.9C). 
3.3.6.4 Summary 
The contact between interval A19f and Al9g marks a dramatic and long-lived collapse of 
the Kerassia carbonate shelf/ramp system. Lagoonal and reef carbonates are sharply 
overlain by a thick sequence of hemipelagic and thin-bedded turbiditic sediments, the 
contact marked by an intraformational conglomerate and redeposited horizons in the 
Kerassia section. In the Nission section a thick sequence of redeposited lithologies are 
developed, probably reflecting proximity to the active Nission Fault, which shed a sequence 
of basement derived clastics in relation to renewed tectonics. 
Similarly, the redeposited horizons in the overlying A19g interval are rich in basement 
derived material and reworked Cretaceous detritus (lithified neritic carbonates and shallow 
marine bioclasts). Evidence for syn-sedimentary faulting and slumping in this interval 
(A19g) is also widespread, probably related to fault movement and fault scarp derivation of 
turbidites/debris flows from the subsiding shelf-ramp sequences. 
The age of this subsidence event is, as yet, poorly dated. The age of the underlying interval 
A19f is probably Albian-Cenomanian at its base and Cenomanian-?Turonian in its upper 
part. The overlying hemipelagic and turbiditic sediments are at least Upper Turonian-
Lower Coniacian at their base and reach in to the Campanian. Consequently, the 
collapse of the carbonate shelf system probably occurred sometime during the Late 
Cenomanian and Turonian. 
Regional comparisons reveal widespread collapse of carbonate platforms occurred at this 
time. For example, new data from the Paikon zone (Sharp & Robertson 1992, Chapter Six) 
has established a Late Cenomanian-Lower Turonian date for collapse of the Cretaceous 
carbonate platform in this region. This event is possibly also responsible for the 
emplacement of a large slide-sheet in the Nea Zoi Unit (Chapter Four). A similar collapse 
event is widely reported from elsewhere in mainland Greece (e.g. Argolis, Clift 1990, 
Mermighis et al., 1991) and further afield (e.g. Apennines of Italy, Bosellini 1989 and 
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FiG 3.14. AGRAS 
Fig 3.14. Detailed section of intervals A19g. Al 10 and Al I I exposed 
in quarried outcrops east of Asras football pitch. The expanded 
section shows the turbiditic nature of the Scaglia facies of interval 
A19g. The contact to the overlying rudist bearing carbonates (quite 
recrvstallised in this Section) (5 locally erosional, and the contact to 
flysch is extremely sharp. locally marked by a bored and iron 
stained firm-ground. The overlying llysch is rich in reworked and 
rounded limestone clasts derived from the underlying limestones. 
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Fig 3.15. Rose diagrams of strike of ripple crests in Scaglia facies of interval A19g. Broad NW-
SE trends are clear, with N-S trends present in the Kerassia section (plot 1). Assymetric ripples 
suggest flow was predominantly towards the NE. 
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Montanari et al., 1989). Scott (1988) and Kaufman & Johnson (1988) all agree on a major 
Cenomanian-Turonian subsidence of Tethyan platformal carbonates associated with a major 
extinction event. 
The above authors variably attribute this collapse to a major sea-level high, a lowstand 
emergence event followed by a sea level high, or due to tectonic affects alone. Data 
collected during this study would suggest active tectonism is largely responsible for this 
event, although this tectonism does coincide with the Turoman sea-level high. This sea-
level versus tectonism problem is re-addressed in Chapter Six and Seven. 
Facies of interval A19g are clearly of a slope setting and are directly comparable to the 
"Scaglia" deposits of Italy and Yugoslavia (Desio 1973, Montanari et al., 1989, Baldanza et 
al., 1982, Polsak, 1981) and fore-reef deposits described from the Cretaceous of Mexico by 
Enos (1974). Probably the 'Scaglia" deposits of the study area represent slope deposits to 
remaining areas of platform (reef) sedimentation in the Pelagonian zone, and to the littoral 
mixed carbonate-clastic sequences of the Lower Transgressive Formation and Kedronas 
Unit (see section 3.4). 
These "Scaglia" deposits are dominated by turbidity currents and, to a lesser extent, 
pelagic sedimentation. The turbidity currents are typically amalgamated and incomplete, 
several turbidites often visible within a 10cm interval. However, in contrast to the "Scaglia" 
of Italy and Yugoslavia, the detritus is of a mixed carbonate-clastic nature (i.e. derived 
from both a eroding deformed basement area and a platform-reefal complex). The contact to 
the overlying reefal limestone (interval A1910) is preceded by an increase in clastic 
sedimentation which is here related to an overall prograding of facies (from the W & NW 
towards the E & SE). 
3.3.7 Rudist reefs and the passage to flysch (Intervals Al 10 and Al 11) 
3.3.7.1 Stratigraphy and facies 
Conformably overlying the hemipelagic mixed carbonate clastic sequence are a series of 
light grey rudist-bearing limestones (Figs 3.3, 3.8, 3.12, 3.14 & 3.16), in which Mercier 
(1968) identified Hippurites sp., Pironea sp., Siderolites sp. and Globotruncana sp. Mercier 
suggested an Upper Campanian-Maastrichtian age for this interval. In the north these 
carbonates are up to lOOm thick, whilst in the south (Agras region, Figs 3.12a & 3.14) they 
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thin to 6m and locally are completely absent, with the underlying hemipelagic carbonates 
passing directly in to flysch. 
Lithologies of interval Al 10 are of indisputable neritic facies (reef, reef-flat, lagoonal and 
fore-reef), and are the fades and age equivalent of the Drossia Member of the Upper 
Transgressive Formation of the Pelagonian zone (Chapter Two). Probably the reef 
carbonates of the Pelagonian zone and the Western Almopias zone formed a once continuous 
sequence prior to Tertiary deformation. A detailed facies description of this interval is not 
made here due to the generally pervasive recry stall isati on which has affected them, but also 
because identical, time equivalent, facies were exhaustively described from the Pelagonian 
zone (Chapter Two). New road cuts ENE of Sarakini (Fig 3.7) give a good idea of facies 
typical of this interval (rudist reefs, winnowed grainstones and packstones, pelloidal 
wackestones etc.). 
The contact with flysch is well exposed in sections along the main road north of Kerassia 
and in track cuts east of Sarakini. Figure 3.16 shows two sections across this contact. The 
upper levels of the reefal carbonates typically comprise winnowed bioclastic grainstones 
and packstones composed of rounded and bored rudist debris. Large Hippuritid sp. and 
small Pironea sp. rudists are evident in these lithologies. Orbitoides sp. bearing packstones 
are also developed. These facies are identical to reefal carbonates exposed in the Tchouka 
region of the Pelagonian zone (see Chapter Two). 
In the majority of sections the uppermost levels of the reef carbonates become strongly 
reddened and brecciated towards the contact to flysch, with an intraformational 
conglomerate of angular reef limestone being evident (well exposed in small road side 
quarry immediately north of Kerassia, Figs 3.7 & 3.16). Vertical fissures (neptunian dyke-
like features) are exposed in the reef limestone below the intraformational conglomerate, 
and are infilled by reddened bioclastic grainstones. 
In the overlying intraformational conglomerate light buff calcareous mudstone (identical in 
facies to the overlying flysch) forms the matrix to red stained clasts of reef limestone. This 
intraformational conglomerate is sharply overlain by calcareous mudstones, siltstones and 
arenites of the flysch which are rich in Globotruncana sp. and bed-top grazing trails of the 
Nerites ichnofacies of Seilacher (1967, see Chapter Two). 
Exposures SE of Kerassia (south of spot height 807m, Fig 3.7) again pick up the carbonates- 
flysch contact. A well developed intraformational conglomerate is not developed in this 
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section, although the uppermost carbonates show local reddening and staining, as well as 
stylolitic, iron rich, mudstone breaks. The overlying flysch forms a thick interval of 
calcareous mudstones. 
Moving southwards the reefal carbonate thins dramatically, and locally pinches out (e.g. 
east of Agras train station and east of Agras football pitch, Figs 3.7, 3.12a, 3.14 & 3.16). In 
these sections a similar reddened and brecciated top to the reefal limestone (locally rich in 
very large Hippuritid rudists) is preserved, as are hardgrounds (bored and iron encrusted) 
identical to those described from the Pelagonian zone (Chapter Two). The conglomerate 
which marks the top of the reef limestone comprises clasts of very rounded limestone, 
which are also common in the overlying flysch. The facies of limestone present in the 
conglomerate and as clasts in the flysch are quite variable, although bioturbated and bored, 
ferruginous, "gritty" calcarenites rich in mica, quartz, bored rudist (Hippuntid) and 
echinoderm debris are common. Locally, these clasts are rich in Orbitoides sp. and 
Siderolites sp. The faulted nature of this region exposes all these lithologies well. Possibly 
this faulting (clearly syn-sedimentary) is partly responsible for the disappearance of the reef 
limestones. 
A similar sequence is exposed above Agras football pitch (Figs 3.14 & 3.16 & Plate 3.9C). 
In this section the rudist bearing limestone is composed of about 12m of redeposited shelly 
coquinas which are sharply overlain by flysch composed of channelised arenites and olive 
green calcareous mud and siltstones rich in pelagic foraminifera (Globotruncana sp., 
Globogerinids) and radiolanans. Clasts of rounded "gritty" limestones are also present 
throughout the flysch, as are sideritic nodules. Some of the rounded "gritty" limestone clasts 
in the flysch are conglomeratic and ferruginous stained, derived from erosion of the 
underlying intraformational conglomerate. As with exposure north of the Voda, the reef 
limestone interval is seen to locally pinch out completely in this region, with the 
hemipelagic lithologies of interval A19g passing gradationally in to flysch deposits. 
The overlying flysch is the age (Latest Maastrichtian-?Palaeocene) and facies equivalent of 
the Pelagonian Flysch Formation, and are hence not discussed in detail here. In general, 
Globotruncana sp, Globogerinid, radiolarian and calcisphere-bearing, sparse to packed, silty 
biomicrites typify the flysch, and show evidence for deposition as turbidity currents 
(bedding parallel orientation, grading etc., see Chapter Two). In the more turbiditic micrites 
scattered rudist and echinoderm debris are also present. The interbedded calcarenites and 
arenites are rich in quartz, mica and feldspar and are often poorly sorted and cemented, with 
individual clasts surrounded by clay rims. Trace fossils typical of the Nerites ichnofacies are 
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common. All these facies are well exposed in Mercier's section (Fig 3.12a) and in the 
section above Agras football pitch (Figs 3.14 & 3.16). 
3.3.7.2 Summary 
The rudist-bearing limestones of the Kerassia Unit gradationally overlie hemipelagic facies 
of interval A19g and are the age and facies equivalent of rudist bearing limestones of the 
Pelagonian zone. Probably they formed a once continuois, ?SE-facing, reef complex. The 
rudist-bearing limestones of the Margarita Unit are possibly the distal equivalent (Chapter 
Four). These reef limestones thin and progressively pinch out moving southwards towards 
the Nission Fault, where they are replaced by a considerably more clastic and ?basinal 
sequence. Evidence of syn-sedimentary faulting also increases moving southwards. This is 
analogous to the Late Cretaceous palaeogeography evident in the Central Almopias zone 
(Chapter Four). 
The passage to flysch is very similar to that developed in the Pelagonian zone, although 
evidence for subaerial exposure and erosion of the Kerassia Unit is widespread, resulting 
in the development of intraformational conglomerates, bored hardgrounds, neptunian 
fissures etc. These lithologies are sharply overlain by flysch sediments of basinal facies. 
Locally reworked and rounded clasts of the underlying reef carbonates and intraformational 
conglomerates are present (possibly derived from remnant fault bounded highs, or the 
Pelagonian zone in the west). As discussed in Chapter Two, this sequencecould be related 
to a peripheral forebulge-foreland basin sequence which developed ahead of westwards 
advancing thrust sheets, or to a regionally significant Late Cretaceous subsidence event 
present throughout the Hellenides. These two alternatives are discussed in Chapter Seven. 
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3.4 The Kedronas Unit 
Sedimentation adjacent to a fault zone? 
3.4.1 Introduction 
The Kedronas Unit (Campion 1966, Mercier 1968, Figs 3.3 & 3.17) crops out south of the 
Voda River and Nission Fault and is in thrust contact over the Pelagonian flysch to the west 
and in turn overthrust by the Kerassia Unit to the east (Figs 3.1, 3.2 & 3.18). The southern 
limit of the Kedronas Unit is poorly defined; probably it is in thrust contact beneath the Ano 
Grammatiko Unit. Locally the Kedronas Unit passes gradationally in to the Kerassia Unit 
to the north and east with minimal tectonic disruption (Figs 3.1, 3.2 & 3.18). 
The internal stratigraphy of the Kedronas Unit is relatively complex due to the detrital 
nature of the lithologies present and marked lateral facies variations. Despite this, 
Campion (1966) and Mercier (1968) established a probable basal age of Upper Turonian-
Coniacian and an upper age of Late Maastrichtian-?Paleocene. The lateral variability of 
facies present in the Kedronas Unit makes the establishment of a "type" stratigraphy 
impossible, but both Campion and Mercier (op. cit.) recognised an overall west to east 
proximal to distal relationship (Fig 3.17). The western exposures are dominated by a 
thick clastic sequence rich in rudites composed of reworked ?Triassic-Jurassic marbles 
with minor interbeds of calcarenites. Pockets of rudists are also present in these rudites, and 
are of Turonian-Lowt Senonian ( Vaccinities gr. grossouvrei & Hippurites gr. incisa) and 
Santonian (V. cf inaequitcostatus & V. aff. gosaviensis) age. The age equivalent exposures 
in the east comprise a basal series of conglomerates and breccias overlain by a thick 
sequence of limestones and calcarenites which yielded a Globotruncana sp. fauna of Upper 
Turonian-Coniacian age. Both these sequences pass up in to a series of platy-bedded 
carbonates (calcaires en plaquettes/en dalles), calcarenites and minor conglomeratic 
horizons. This sequence contains a predominantly pelagic fauna of Coniacian-Upper 
Campanian age. The Coniacian sequences are predominately pelagic-hemipelagic in 
nature, whilst the Santonian-Upper Campanian sequences see an increase in calcarenitic 
and conglomeratic deposits interbedded with hemipelagic facies: These sequences are 
hence the age and, in part, fades equivalent of intervals A19f and A19g of the Kerassia 
Unit. 
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FIG 3.17 KEDRONAS UNIT 
Stratigraphy modified from Campion (1966) 
& Mercier (1968). 
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As with the Kerassia Unit, this detrital sequence (A19 of Mercier, 1968) is overlain by 
rudist-bearing carbonates (Al 10) of Upper Campanian.Maastrichtian age and flysch 
(Al 11) of Late Maastrichtian?Palaeocene age (Fig 3.17). 
During this work the Kedronas Unit was studied from a sedimentological viewpoint, as the 
original stratigraphic work of Campion (1966) and Mercier (1968) is excellent. Also, due to 
the (now) densely forested nature of the region complete sections were difficult to establish. 
For these reasons the data presented in the following sections are a summary of the 
conclusions of Campion (1966) and Mercier (1968) coupled with modern facies 
observations and interpretation made during the course of this study. The well exposed 
triangular lens of the Kedronas Unit sandwiched between the Voda River in the north and 
the main road and railway line in the south was mapped in detail as part of this work (Fig 
3.19). Exposures in this region allow a study of the majority of facies typical of the 
Kedronas Unit, and the overall west-east facies changes described above. 
3.4.2 Summary of the para-autochtonous nature of the Kedronas Unit 
Prior to discussing the sedimentological evolution of the Kedronas Unit it is important to 
define its intermediate structural position between the thrust sheets of the Almopias zone 
and the relatively autocthonous Pelagonian zone. 
The western limit of the Kedronas Unit is typically a thrust fault (The Almopias Thrust), 
with a hanging wall anticlinal structure developed above the thrust in conglomerates of 
the Kedronas Unit, and a footwall synclinal structure developed in the underlying 
Pelagonian flysch (Fig 3.18, section A-A'). Serpentinite (representing a basal decollemont 
plane of the Kedronas Unit conglomerates from the immediate substratum) locally marks 
this contact. However, moving southwards (Ano Grammatiko Col), the Almopias Thrust 
"tips-out" and passes into a recumbent hanging wall anticline and footwall syncline 
structure, and locally a simple synclinal structure cored by Late Cretaceous flysch common 
to both the Pelagonian zone and Kedronas Unit (Fig 3.18, section B-B'). Local reverse 
faulting and imbrication is evident in. this region, sometimes with the rudist-bearing 
limestones which mark the top of the Kedronas Unit thrust over the flysch, or the 
conglomerates and platy-bedded carbonates thrust over both the rudist-bearing limestones 
and the flysch (Fig 3.18). 
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This "tipping-out" of the Almopias Thrust moving southwards and replacement by fold 
structures separating similar stratigraphies to the east and west (conglomerates-rudist 
Iimestones-flysch) clearly proves the para-autochtonous nature of the Kedronas Unit. 
A similar set of structures is developed along the southern margin of the Kedronas Unit, 
with both normal and faulted contacts to the Ano Grammatiko Unit present. Maastrichtian 
flysch common to both the Kedronas and Ano Grammatiko Units forms the core of an E-W 
trending Tertiary syncline (along the Aghios Trifon River, Eig 3.18, section C-C), 
suggesting a similar para-autocthonous contact to that described above. This contact is now 
predominately tectonic, however, with the Ano Grammatiko Unit thrust to the north over the 
Kedronas Unit. 
Along the NE and E margin of the Kedronas Unit SE-verging fold and thrust structures are 
developed (Figs 3.18 & 3.23), and the Kerassia Unit is thrust over the Kedronas Unit. 
However, here again a gradual eastwards facies change is.evident, with the Kedronas Unit 
locally passing into the Kerassia Unit. The Nission section (Fig 3.13) appears to represent a 
sequence transitional between the two units. 
3.4.3 Basement lithologies and basal unconformity 
The basal conglomerates of the Kedronas Unit are in unconformable contact over 
deformed mica schists, marbles and serpentinites (Fig 3.17). These lithologies are of 
undoubted Pelagonian affinities and were deformed (Eohellenic, JE1, event of Vergely 
1984) prior to the Cretaceous transgression. In the Alker Tsifliki region (Fig 3.18) upthrusts 
of basement marbles and mica schists are unconformably overlain by conglomerates and 
platy-bedded carbonates of Late Turonian-Coniacian age. Similarly, on the east bank of the 
Moukharemi River up faulted-thrusted blocks of Triassic Jurassic marbles are well exposed 
(Figs 3.18 & 3.19). At this locality the Triassic-Jurassic marbles are cut by karstic fissures 
which are infilled by red-bed mudstones or well rounded rudites and arenites comprised of 
"etched" Triassic-Jurassic marbles. These fissure-fill sediments are overlain by a thick 
sequence of well-rounded and sorted cross-bedded rudites and arenites, which locally form 
well developed "lag" deposits in hollows in the marbles. In exposures north of the main road 
and railway (Fig 3.19) similar up-thrust and folded basement lithologies are exposed, 
predominantly ?Triassic-Jurassic marbles and serpentinites. The ?Triassic-Jurassic marbles 
are strungly brecciated and red-stained, with karstic fissures infilled by laminated red-bed 
mudstones (Plate 33A). These deposits probably represent fissure fills and are identical to 
those described from the Pelagonian zone (Chapter Two). Other karstic fissures are clean 
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FIG 3.19 Sketch section of the Kedronas Unit exposed east of Vrita. The western 
exposures are dominatcd by littoral rudites with minor interheds of calcarenite (beach 
sand) and reworked rudists (patch reefs). Moving eastwards a distinct change to ittore 
open marine shelf fades is developed. These eastern exposures show abundant 
evidence for syn-sedimentary faulting and slumping. utlost notably down-slope "sheet 
crack like features (see discussion in text). SW verging Tertiary folds and thrusts are 
also well exposed in this legion, with upfoldcd and thrusled basement apparent 
(Triassic-Jurassic marbles and serpentinite). The Triassic-Jurassic marbles are cut by 
karstie fissures and locally overlain by red-bed lithologies (Fig 3.20a). 
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washed and infilled by very well rounded marble pebbles (Plate 3.3B). Wholly 
intraformational, angular, marble conglomerates are also present, the individual marble 
blocks surrounded by a red, hematite-bauxitic mudstone matrix. Serpentinites are also 
exposed in the mapped region, and are in close association to the reddened and deformed 
marbles. 
3.4.4 Turonian-Upper Campanian detrital sequence 
The "basement" lithologies are unconformably overlain by a thick, mixed carbonate-clastic 
sequence of Upper Turonian-Upper. Campanian age. Facies variations in this sequence 
are complex, but a broad west to east proximal to distal relationship can be picked out 
(Figs 3.17, 3.18 & 3.19), as can a general decrease in grain size and.clastic lithologies 
moving eastwards. 
Rarely, the "basement" lithologies are overlain by a sequence of red-bed conglomerates, 
arenites and mudstones identical in facies to those at the base of the Kerassia Unit and 
Cretaceous Transgressive Group (well exposed at eastern end of the road to Vrita, Figs 3.19 
& 3.20, Plate 3.3C). The red-bed rudites are well sorted and current imbricated, the 
individual pebbles (rounded) set in a matrix of pink fine grained arenite and calcarenite or 
hematitic mudstone. An abundance of micaceous marbles, mica schists, reddened marbles, 
quartz and quartzite was noted. These red-bed rudites are interbedded with variegated (red 
and green-khaki, mottled) arenites and pebbly mudstones. One pink, nodular bedded, 
micritic limestone jc  also present in this sequence (c.f. limestones at the base of the Kerassia 
Unit). More typically, the red-beds are absent (not encountered south of the Edessa-Florina 
road) and the basement lithologies are sharply overlain and onlapped by a sequence of 
coarse rudites (western exposures) or a sequence of interbedded arenites, calcarenites, 
rudites, platy to nodular bedded carbonates and mudstones (eastern exposures, calcaires en 
plaquettes/dalles, Fig 3.17). 
As described by Campion (1966) and Mercier (1968), the western outcrops of the Kedronas 
Unit are characterised by spectacular rudites rich in basement derived clasts, predominantly 
?Triassic-Jurassic derived marbles (Plate 3.1 1 B, well exposed south of Vrita), but also mica 
schists, quartzites, ophiolitic detritus (limited) and reworked Cretaceous lithologies (rudist 
debris and limestone clasts). The degree of rounding and sorting of these conglomerates 
varies from spectacular well sorted and rounded, clast supported rudites with a calcarenitic 
or micritic matrix (Plates 3.10D & 3.1113), to poorly sorted, matrix-support rudites with 
weakly defined internal imbrication of very angular to very rounded clasts (Plate 3.1013). 
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Clast size varies dramatically from one horizon to the next, with locally up to 5m 2 blocks of 
Triassic-Jurassic marble present. In general, the basal conglomerates are less rounded and 
sorted, and are locally derived (rich in large, angular, Triassic-Jurassic blocks), whilst up 
section more rounded and mature rudites appear, generally with a smaller clast size. In 
thin section these rudites comprise very rounded clasts cemented by a coarse blocky calcite 
cement (Plate 3.10C). Radial fringe cements, keystone vugs and coarse blocky cements are 
common, suggestive of deposition in a shallow marine-littoral setting. Lenticular and 
localised interbeds of cross bedded (herring bone) calcarenite and fossiliferous limestone 
are occasionally developed (sometimes rich in cemented cluster of rudists, corals, algae and 
gastropods). Reworking of these fossiliferous liniestones and rudists in to the conglomerate 
is locally evident. 
Moving eastwards, and up section, the rudites pass into, and are interbedded with, an age-
equivalent, mixed carbonate-clastic sequence characterised by extremely rapid fades 
variations (Figs 3.17, 3.18 & 3.19). Lithologies present include calcarenites, arenites, 
micaceous siltstones, nodular to flaggy-platy bedded carbonates (calcaires en plaquettes/en 
dalles and BNC facies) and marble rich rudites. Detached blocks (Olistoliths) of ?Triassic-
Jurassic marbles are also present (e.g. railway cuts north of the main road, Fig 3.19 & Plate 
3.1 1A). These lithologies are also in unconformable contact with basement lithologies (e.g. 
east of Alker Tsifliki, Campion 1966, and in exposures north of the main road, Figs 3.18 & 
3.19). These facies are identical to those exposed in the Bela Reka section of the Pelagonian 
zone (Chapter Two), but gradationally become thinner bedded and less detrital moving 
eastwards, where thç' become very similar to interval A19g of the Kerassia Unit (alt!ugh 
considerably more interbeds of microconglomerates are present). These more distal 
sediments are characterised by rhythmically interbedded arenites, calcarenites, 
microconglomerates and hemipelagic micrites which show abundant evidence of deposition 
as turbidity currents ('Scaglia" facies, Plate 3.10A) The sedimentary structures and 
ichnofacies of these sequences (Plate 3.IOB) are identical to those of interval A19g from the 
Kerassia Unit. 
The arenites and calcarenites are rich in very rounded pebbles of ?Triassic-Jurassic marble, 
reworked Cretaceous limestones and fossils (corals, rudists, echinoderms, gastropods), 
serpentinite, quartzite, mica and mica schists. These clasts are present as large 'floating" 
pebbles in a finer grained matrix (Plate 3.IOE), or as distinct redeposited horizons in erosive 
contact with the underlying lithologies. Typical sedimentary structures in these arenites and 
calcarenites include erosive bases, normal grading, traction carpets, planar lamination, 
?bivalve escape structures and ripples (locally complete sets of climbing ripples are 
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preserved). Rip-up clasts and slump structures are also evident. Rapid deposition, probably 
as density and turbidity currents, is clear. In the finer grained lithologies inter laminated 
arenites, siltstones and calcareous mudstones are evident on a cm scale, each sequence 
representing a turbiditic deposit (c.f. interval Al9g of the Kerassia Unit, Plate 3.IOA). 
The interbeds to these redeposited horizons are typically finer-grained platy-to nodular-
bedded (BNC) limestones and calcarenites, or micaceous siltstones and mudstones. These 
lithologies are often extensively bioturbated by Thallassonoides, Rhizocorallium and 
Callassina pebble-filled burrows. Scattered shell (rudist, oyster), gastropod and coralline 
fragments are also locally evident. Benthic and pelagic foraminifera are also present in these 
lithologies, including Nezzazatinella picardi, Scandones samnitica and Globotruncana sp. 
One very noticeable feature of all the lithologies described above (apart from the rudites) 
are "necking" features and boudinage which developed at right angles to the bedding 
surfaces. The necked areas are often fractured and infilled by dark, blocky, calcite. In BNC 
exposed along the road to Vrita (Plate 3.IIC, Fig 3.20b) the dark calcite veins which break 
up the limestone are cut later by the buff partings, confirming early development. In 
extreme cases completely intraformational conglomerates are evident, with the individual 
clasts surrounded by anastomising silty partings or dark calcite. These conglomeratic layers 
are often under-and overlain by undeformed and draping sediments, suggesting the 
necking and conglomeratic features developed syn-depositionally. These features are 
identical to those in the Kerassia Unit (Nission section), and are here interpreted as evidence 
for active deformation during and shortly after deposition and partial lithification. Most 
probably down slope gravity sliding is responsible for producing these necking features 
due to faulting/tectonism, oversteepend slopes or sliding/decollemont from the 
underlying serpentinitic basement. Watts (1990) has described similar features from the 
Cenomanian-Coniacian interval of the Sumeini Group (slope facies) of the Arabian platform 
margin in Oman. 
The presence of large detached blocks interbedded with this sequence also suggests active 
tectonism. The block exposed in the railway cut (Plate 3.1 1A) is set within a conglomeratic 
arenite rich in smaller blocks of marble and is overlain by a series of arenites showing 
evidence for deposition as turbidity currents (erosive based, traction carpets, normal 
grading etc.), aswell as the above described early formed calcite veins. 
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3.4.5 Upper Campanian-Maastrichtian rudist-bearing limestones and passage to flysch 
The contact to the rudist-bearing limestones and flysch is almost identical to that in the 
Kerassia Unit, with the rudist-bearing carbonates locally depositionally pinching out 
completely (e.g. along Gholekho Brekhi ridge, Mercier 1968, Fig 3.21). Campion (1966) 
described an identical situation to the south along the Porta ridge, with the rudist-beanng 
carbonates forming distinct lenses (which he suggested represent transported accumulations 
derived from erosion of the Pelagonian zone reefs). These channelised and lenticular 
outcrops become thinner and more detrital moving towards the SE. At maximum, the 
rudist bearing carbonates reach I 50m thick (in the north), and are identical in facies to the 
Drossia Member of the Pelagonian zone (i.e. in-situ), whilst moving towards the east 
transported and channelised deposits are exposed. The basal contact of these rudist bearing 
limestones is often erosional into the underlying "Scaglia' deposits. The contact to the 
overlying flysch is also similar to the Kerassia Unit. The intraformational conglomerate 
described from the Kerassia Unit was not encountered in-situ in the Kedronas Unit, although 
a bored and encrusted hardground surface is locally developed. The overlying flysch is 
identical to the flysch of the Pelagonian zone and Kerassia Unit. Locally well rounded 
"gritty" limestone clasts are present in the basal part of the flysch, some of these blocks 
clearly being intraformational conglomerates which developed prior to redeposition (c.f. 
Kerassia Unit). Conglomeratic arenites rich in exotic clasts also appear up section (c.f. 
Pelagonian flysch). Campion (1966) also describes channelised conglomerates rich in 
reworked limestones from within the flysch, suggesting derivation from the west and 
deposition as lenses. 
3.4.6 Summary and conclusions 
The basement of the Kedronas Unit is of undoubtable Pelagonian affinities. This basement 
was deformed during the Late Jurassic Eohellenic deformation (JEI event of Vergely 1984). 
Following this deformation the Kedronas region was subject to a prolonged period of 
Subaerial erosion, uplift and extensional faulting (?related to extensional collapse of the 
Eohellenic nappes) coupled with the development of karstic and red-bed weathering (c.f. 
Pelagonian zone). This elevated area was not subject to transgression until the Mid 
Cretaceous (Turonian-Coniacian, possibly slightly older). Thus the Kedronas region 
appears to have formed a topographic high, whilst areas to the north (Kerassia Unit) and 
south (Ano Grammatiko Unit, Chapter Four) started to subside during the Late Jurassic 
(Oxfordian- Ki mmeridgi an) and Aptian-Albian. Possibly sequences of this age were 
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deposited in the Kedronas region and subsequently eroded, although there is no evidence for 
this. 
Only in the Turonian-Coniacian did the Kedronas region subside. This timing suggests 
correlation with the Cenomanian-Turonian subsidence event present throughout the study 
area (section 3.3.6 & Chapter Six). All the available evidence would suggest that subsidence 
and transgression of the basement lithologies at this time was extremely rapid, with the 
basal lithologies of the Kedronas Unit rapidly becoming hemipelagic in facies in the eastern 
exposures. Evidence for extensive faulting and deformation associated with, and following, 
this transgression is widespread in the Kedronas Unit. These features include syn-
sedimentary faulting and slumping, olistolith and debris flow development and gravity 
and down-slope sliding of semi-lithified lithologies, resulting in intraformational 
conglomerates and distinctive sheet-cracked" lithologies. Possibly the serpentinitic 
basement forms a decollemont surface for these slide-sheets?. Faulting is probably also 
responsible for the supply of marble and basement detritus which form the conglomerates of 
the Kedronas Unit. The overall west-east facies change picked out by Campion (1966) and 
Mercier (1968) is clear. Facies in the west are characterised by a thick sequence of 
?footwall derived conglomerates which were deposited/reworked in a tidally active, 
littoral-shelf to slope setting in the hangingwall. The rudist reefs in this region are clearly 
localised (patch-reefs). Probably they periodically developed in a slightly offshore setting, 
or in sheltered embayments in the shoreface-inshore shelf zone away from the site of clastic 
input. Skelton et at., (1990) have described similar patch-reefs interbedded with littoral-
upper shelf conglomerates from the Maastrichtian transgressive sequences on the Oman 
ophiolite. Reworking of these reefs in subsequent storm and tidal activity, and redeposition 
in a deeper setting to the east is common. The interbedS of well sorted, cross-bed4ed 
arenite in the littoral rudites probably represent beach sand. The sequences in the east record 
a progressive deepening of the depositional environment, with facies typical of a middle to 
outer shelf setting apparent. These sequence become progressively more open marine in 
nature moving eastwards, eventually passing in to typical 'Scaglia' facies. 
The footwall source area for clastics in the Kedronas Unit is undoubtedly represented by the 
Pelagonian zone, which remained the site of subaerial exposure and erosion until at least the 
Santonian (northern region). Although not directly demonstrable, it is possible that the 
Almopias Thrust in the Kedronas region represents the present-day expression of this fault, 
and is an inverted, normal, extensional fault, which formed a major N-S striking fault scarp 
during the Cretaceous, east of which the Kedronas Unit was deposited (Fig 3.22). 
35: 
NW 	 SE 
I- 




FIG 3.21 Merciers (1968) section along the Gholekho Brekhi ridge (Fig 3.18) picking 
out the gradual disappearance of the rudist limestones (interval AllO) as one moves 
south-eastwards. a - east of Alker Tsifliki. b - Gholeko Brekhi summit. c - extreme 
eastern end of Gholeko Brekhi ridge. A similar situation was described by Campion 
(1966) along the Porta ridge (Fig 3.18). 
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The Nission Fault (E-W striking) was also active during the Cretaceous. It is also possible 
that the site of Late Jurassic reefal build-ups (Basal Kerassia Unit) is partly controlled by 
these faults. The rapid facies changes evident in the Nission and Karidia regions (e.g. 
lensing out of red-beds), and within the entire Kedronas Unit, is here related to deposition 
adjacent to these major fault scarps. 
In reality, numerous extensional faults were probably present, although they are difficult to 
identify following Tertiary deformation. Possibly these faults are long-lived, developing in 
the ?Triassic and persisting until present. For example, the northern margin of the Triassic-
Jurassic intra-platformal basin present in the Pelagonian zone (section 2.3.4.6) is along 
strike from the E-W structure separating the Kedronas and Ano Grammatiko Units. The 
latter unit is the site of basinal sedimentation during the Cretaceous (section 4.6), whilst the 
Kedronas Unit appears to record a shallower depositional environment (c.f. platformal 
marbles in north and caicturbidites in the south for Triassic-Jurassic sequences. section 
2.3.4.6, Fig 2.16). 
The similarity between the above described facies of the Kedronas Unit and the Bela Reka 
Member of the Lower Transgressive Formation of the Pelagonian zone are obvious, 
particularly the more westerly, conglomeratic, sequences of the Kedronas Unit. It is possible 
that the sequence developed in the Bela Reka section (Chapter Two) is the age equivalent 
of the Kedronas Unit, with a basal clastic sequence passing up into more basinal facies, and 
then abruptly in to rudist limestones (see below). 
Thus, the Turonian-Santonian sequences of the Kedronas Unit are here interpreted as 
resulting from sedimentation adjacent to major active faults. This faulting appears to be 
extensional in nature, resulting in the rapid subsidence of the region and a predominance of 
mixed hemipelagic-clastic deposits during the Coniacian-Campanian (particularly in the 
eastern outcrops). Littoral and shallow marine deposits become more common and 
important in time equivalent sequences the further west one goes. This is particularly clear 
if one includes the sequences present in the Pelagonian zone (Lower Transgressive 
Formation). An overall W to E deepening sequence is clearly evident during 
?Turonian/Coniacian-Santonian times, with the Pelagonian zone (shelf-storm beds) passing 
in to the Kedronas Unit (mixed clastic-pelagic) which in turn passes basinwards (eastwards) 
in to the predominantly pelagic 'Scaglia" facies (Al9g) of the Kerassia Unit. 
By Santonian times the northern Pelagonian zone (Drossia region) subsided below sea-level, 
and a second pulse in detrital sedimentation was recorded in the Kedronas Unit, resulting in 
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the deposition of 'Scaglia"-type deposists and relatively common redeposited (Pelagonian 
derived) conglomerates. If the Bela Reka sequence is indeed the age equivalent of the 
Kedronas Unit then the erosional contact at the top of the Lower Transgressive Formation 
could be responsible for the increase in clastics in both the Kedronas and Kerassia Units 
towards the contact to the overlying reefal limestones. This is speculative however. 
Alternatively, this increase in clastics could be related to a prograding of reef facies out 
into the Almopias zone from the Pelagonian zone in the west. 
By Campanian-Maastrichtian times reef limestones become locally established, and are 
undoubtedly spatially related to reef limestones of the Pelagonian zone and Kerassia Unit. 
The disappearance and thinning of these rudist-bearing carbonates (interval AllO) of both 
the Kerassia and Kedronas Unit to the E & SE probably reflects deposition on a east/south-
eastwards deepening ?ramp system, the reef lithologies replaced by basinal "Scaglia" 
facies the further E and SE one goes. This was confirmed by study of the Ano Grammatiko 
Unit (Chapter Four), where no age equivalent reef limestones are evident (see also Braud 
1967). Faults which downthrow to the south and east are probably also responsible for this 
facies change. Derivation by erosion of reefs to the west (Pelagonian zone), and 
redeposition to the east is probable for some of the rudist rich lithologies in the Kedronas 
Unit (Campion, 1966). The transition to flysch is identical to that present in the Kerassia 
Unit and Pelagonian zone. 
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3.5 Structural and Metamorphic evolution of the Basal Kerassia, Kerassia and 
Kedronas Units 
3.5.1 Introduction 
Campion (1966), Mercier (1968), Vergely (1984) and Mercier and Vergely (1984, IGME 
1:50 000 Arnissa sheet) briefly addressed the structural evolution of these units, concluding 
that the major fold and thrust deformation was of Tertiary age. However, Mercier and 
Vergely (1984) concluded that the Basal Kerassia Unit, and in part the red-bed 
conglomerates of the Kerassia Unit, underwent deformation during a Eohellenic event (JE2, 
post Late Jurassic, pre Aptian-Albian) prior to the Tertiary deformation. In contrast, data 
collected during this work was found to be compatible with Tertiary deformation alone, 
with no evidence of a Lower Cretaceous (JE2) deformation. These new data are 
described in the following sections. 
3.5.2 Structural evolution - new data 
As described in section 3.2, the Basal Kerassia Unit is overlain (locally conformably, locally 
unconformably) by the Kerassia Unit. Whilst stratigraphic breaks are evident between (and 
within) these two units, no evidence for an intervening penetrative deformation of the 
Basal Kerassia Unit was forthcoming, these gaps being intraformational unconformities 
relating to changes in sedimentation as opposed to a widespread deformation. This 
conclusion is supported by structural studies. For example, in the Nission-Karidia region the 
Maastrichtian flysch of the Pelagonian zone (Chapter Two) has undergone an identical 
structural evolution to the Basal Kerassia and Kerassia Units, with the development of an 
initial ductile deformation associated with a penetrative schistocity and "stretching" 
lineation parallel to the B tectonic axis of observed rare folds (generally SW trending, but 
dispersed, Fig 3.23a). Locally a marked elongation of fossils (generally nerinids) is 
associated with this deformation, implying stretching in a SW-NE direction. A second, 
more rigid, deformation follows, which produces a strain-slip and crenulation 
cleavage/lineation. These two phases are cut by later kink folds. These three phases are 
recognisable throughout the Basal Kerassia, Kerassia and Kedronas Units (Fig 3.23). 
The contact between the Maastrichtian flysch of the Kerassia Unit and the Late Jurassic- 
Lower Cretaceous sediments of the Messimeri Unit show a similar structural evolution to 
that described above, with both units showing the same tectonic evolution. Again, no 
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evidence for an earlier deformation confined to the Late Jurassic-Lower Cretaceous 
sequences (Mesimeri Unit) was forthcoming (Chapter Four). 
Due to the carbonate-rich nature of the sequences in the Western Almopias zone outcrop 
scale folds are rare. Despite this, measurements of folds and lineations associated with the 
first phase of deformation generally trend towards the SW, although subsequent 
deformation has locally resulted in some dispersion of phase one structures (towards the 
SE). The trend of phase two structures is also variable, with E-W to ENE-WSW and SE 
directions evident. SE trends are predominant, associated with SW verging folds and 
reverse faults. In the Agras region (Fig 3.24) marked changes in the trend of these phase 
two fold structures across thrust faults was observed. This might suggest some oblique-slip 
and rotation on the reverse faults and could be responsible for the apparent dispersal of fold 
structures. The late kink folds occur in conjugate sets, with axial trends towards the NE 
common. 
The thin-bedded lithologies of interval A19g of the Kerassia Unit exposed in the southern 
part of the study area generally pick up the Tertiary structures best. In this region folding 
and reverse faulting towards the SW is clear, possibly associated with local thrusting of the 
Kerassia Unit over the Kedronas Unit. Folds in this region are relatively ridgid and 
associated with a strain-slip fracture cleavage and SW verging reverse faults, which dip 
steeply to the NE (Fig 3.23). These folds and faults locally cut an earlier lineation (well 
exposed in Nission section, Fig 3.23, plot 2). Late stage kink folds again trend towards the 
NE. 
The appearance of albite, quartz, epidote and rarely tremolite, stilpnomelane and actinolite 
coeval with the above described structures points to metamorphism in the greenschist 
facies (locally high pressure facies?). The albite and quartz are often seen replacing 
foraminifera and shells. This replacement is generally very ragged', but Globotruncana sp. 
extracted from interval A19g in the Nission section show perfect preservation of the 
foraminifera test by quartz (Plate 3.10). 
Reverse faulting and thrusting associated with Tertiary deformation resulted in the 
formation of the Almopias Thrust, which essentially separates the relatively stable foreland 
of the Pelagonian zone from the thrust sheets of the Almopias zone. However, as discussed 
in Chapter Two, the Pelagonian zone has also been affected by Tertiary thrust deformation, 
notably along the weak decollemont horizon of the Pelagonian Ophiolite Nappe, hence the 
stable foreland fold and thrust belt division is not as clear as previously thought. Also, as 
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was pointed out by Campion (1966 & section 3.4.2), locally the Almopias Thrust "tips-out" 
into a simple recumbent fold structure. It is thus clear that the Pelagonian and Western 
Almopias zones underwent a similar structural evolution during the Tertiary, and that the 
two zones are closely related. 
As with the Pelagonian zone, the Eohellenic ophiolitic lithologies form an inherently weak 
horizon in the Western Almopias zone between massive carbonates below (Triassic-
Jurassic) and above (Late Jurassic-Late Cretaceous). This horizon acted as a decollemont 
horizon and the focus of thrust movement and accommodation. The style of fold and thrust 
structures associated with this deformation are particularly well exposed in the triangular 
outcrop of the Kedronas Unit east of Vrita and in the Nission region (Figs 3.19 & 3.6), with 
major overthrusting towards the SW implied. The Western Almopias zone is overthrust by 
the Central Almopias zone to the east. 
3.5.3 Summary 
The Western Almopias zone (Basal Kerassia, Kerassia and Kedronas Units) was first 
deformed in the Tertiary. Three distinct phases are recognisable: an initial ductile 
deformation; a second more ridgid deformation; and a phase of kink folding. This 
deformation was associated with greenschist fades metamorphism and regional scale 
overthrusting towards the west. As with the Pelagonian zone, remnants of the Eohellenic 
Ophiolitic Nappe acted as a decollemont horizon during this deformation (resulting in 
limited exposure of "basement" lithologies in the Western AlmopiaS zone). No earlier (JE2) 
deformation event is recognisable, but structures attributable to Eohellenic (JEI) are well 
developed in basement lithologies, and are effectively "sealed' by unconformably overlying 
Late Oxfordian-Lower Kimmeridgian sequences. 
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3.6 Regional comparisons 
3.6.1 Introduction 
Space does not permit a detailed discussion of the Western Almopias zone exposed outside 
the main study area, hence what follows is a summary of reconnaissance work carried out in 
these regions coupled with data from previous workers. 
3.6.2 Voras massif 
Exposures in the Voras massif were discussed in section 3.2.7. The Western Almopias zone 
in this region essentially comprises a SW verging Tertiary fold and thrust belt which is in 
thrust contact over the Pelagonian zone to the west, and in fault contact to the Kerassia Unit 
in the south (Kato Loutraki Fault). The Kato Loutraki Fault is a major Tertiary transcurrent 
fault which exposes different structural levels of the Tertiary thrust sheets either side. 
Basement lithologies are upthrust north of the fault (Voras massif), and comprise a 
basement of ?Triassic-Jurassic marbles, arenites and schists of slope to basinal affinities, 
overlain by a largely ophiolite derived turbiditic flysch (c.f. Arnissa Passage Beds of 
Pelagonian zone, Chapter Two) and the remnants of an ophiolitic nappe. These sequences 
are unconformably overlain by a mixed carbonate-clastic sequence of Late Jurassic-Mid 
Cretaceous age (see section 3.2). Data gathered from this region will form the focus of a 
short paper (Brown et al, in prep). 
3.6.3 Ano Grammatiko Imbricates (Ecailles d' Ano Grammatiko) 
The Ano Grammatiko Imbricates (Braud 1967) occupy a structural position intermediate 
between the Western and Central Almopias zone, and are discussed in Chapter Four. 
Sedimentological and structural work (unpublished data) suggests that the Late Jurassic-
Late Cretaceous sequences exposed in this region are the basinal facies and age equivalents 
of the Kerassia and Kedronas Units in the north and the Cretaceous Transgressive Group of 
the Pelagonian zone in the west. Hemipelagic "Scaglia" deposits dominate, and are 
interbedded with redeposited calcrudites and calcarenites rich in basement-derived clastics 
as well as intra formational lithologies (Plate 3.1 1D). Late Cretaceous reef limestones are 
absent. 
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3.6.4 Haute Vermion Nappe 
The Haute Vermion Nappe (Brunn 1956, Braud 1967, Mercier 1966) forms a vast region of 
outcrop between the Ano Grammatiko Imbricates in the north and the Akrini-Kato Vermion 
region in the south (Fig 1.5). The internal stratigraphy of this nappe is very poorly known 
(mainly due to the densely forested nature of the region), but it essentially comprises a basal 
sequence of strongly deformed serpentinites, locally associated with upthrusted 'basement' 
lithologies (Triassic-Jurassic marbles and possibly Late Jurassic-Lower Cretaceous 
carbonates), overlain by red-bed conglomerates and a thick mixed carbonate-clastic 
sequence (Littoral rudites, platy-bedded carbonates, rudist-bearing carbonates etc.) of at 
least Aptian-Albian to Late Cretaceous age. In the southern Vermion the basal age of this 
sequence is possibly Lower Cretaceous (IGME 1: 50 000 Kozani sheet). These sequences 
are the facies and age equivalent of the Kerassia and Kedronas Units in the north, and 
represent a detrital sequence which developed in a more basinal setting east of the 
Pelagonian zone (Brunn, 1956 & unpublished data). 
The basal serpentinites of the nappe mark a major Tertiary decollemont horizon (Almopias 
Thrust) along which the nappe overthrust the Pelagonian zone, resulting in deformation and 
dynamic metamorphism of the underlying Pelagonian Flysch and the basal conglomerates of 
the nappe. The style of deformation concentrated along this contact is identical to that 
developed at the base of the Cretaceous Transgressive Group in the Pelagonian zone 
(Chapter Two). Locally, a thick thrust melange developed at the base of this nappe (well 
exposed south of Kato Vermion, Braud et al., 1984). The southern limit of the nappe 
possibly parallels a long-lived, SW-NE striking, transcurrent fault which can be traced to the 
northern margin of the Vourinos Ophiolite in the west and separating the Grammeni Vrissi 
Unit from the Pelagonian zone in the east. Vergely (1984) suggested that the Grammeni 
Vrissi Unit is actually a window of the Pelagonian zone beneath the Haute Vermion Nappe, 
which was subsequently thrust over the back of the nappe (Fig 4.44). The fault which 
separates the Grammeni Vrissi Unit from the Pelagonian zone in the south is clearly of 
regional importance, separating units of quite differing facies (unpublished data). As 
mentioned above, possibly this structure corresponds to a long lived fault similar to the 
Nission and Kato Loutraki Faults in the north. This is supported by the general detrital 
nature of the Cretaceous sequences parallel to this fault (unpublished data). 
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3.7 The Western Almopias zone - general conclusions 
The basal age of transgressive sediments to emplaced and deformed Eohellenic nappes in 
the Western Almopias zone are dated for the first time as Late Jurassic (Late Oxfordian-
Lower Kimmeridgian) ?Lower Cretaceous in age. These sequences were not deformed 
during a second Eohellenic (JE2) event as previously thought, but are overlain (locally 
conformably, locally unconformably) by a thick mixed carbonate-clastic sequence of 
Aptian-Albian (and possibly older) to Late Cretaceous age. 
Sedimentological study of these sequences suggests deposition in a range of depositional 
environments from coastal plain/fluvial to pelagic. Throughout the Late Jurassic and 
Cretaceous broad west to east proximal to distal relationships can be picked out. This 
becomes even clearer when age equivalent sequences in the Pelagonian, Central and Eastern 
Almopias zones are taken in to account. 
Aptian-Albian to ?Cenomanian times were marked by the development of an E or SE 
facing mixed carbonate-clastic ?ramp system (Kerassia Unit), whilst subaerial exposure 
predominated in the Kedronas Unit. During the ?Cenomanian-Turonian a major pulse of 
subsidence occured, resulting in the rapid drowning of remaining areas of subaerial 
exposure and the carbonate ramp. This subsidence appears to be associated with extensional 
faulting, which is particularly important in the southern part of the study area (Nission 
Fault, Kedronas Unit). 
Late Cretaceous times (Campanian-Maastrichtian) saw the local re-establishment of neritic, 
reefal, sedimentation, probably related to an overall prograding of facies out from the 
Pelagonian zone. Despite this, broad W-E and NW-SE proximal to distal relationships can 
be picked out. By Late Cretaceous times all remaining areas of neritic sedimentation 
underwent a second dramatic subsidence event (possibly related to the onset of Tertiary 
deformation) resulting in the widespread deposition of basinal flysch deposits. 
Deformation in the Tertiary resulted in large-scale folding and thrusting of the Western 
Almopias zone towards the SW over the Pelagonian zone. This deformation was associated 
with greenschist facies metamorphism. 
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PLATE 3.3 
Basal unconformity, Kedronas Unit, road cut to Vryta. ?Triassic-Jurassic marbles. 
Strongly brecciated and red-stained, with karstic fissures infilled by laminated red-bed 
mudstones. These deposits probably represent cave-fissure fills and are identical to those 
described from the Pelagonian zone (Chapter Two). Wholly intraformational, angular, 
marble conglomerates are also present, the individual marble blocks surrounded by a red, 
hematitic-bauxitic mudstone matrix (identical to conglomerates NE of Drossia, Chapter 
Two). Pencil and note book for scale. 
Basal Unconformity, Kedronas Unit, road cut to Vryta. Karstic fissure in ?Triassic-
Jurassic marbles mulled by well rounded, karstic 'etched', marble pebbles and angular, 
intraformational, clasts. Note sutured contacts following Tertiary deformation (pencil for 
scale). 
Basal, red-bed conglomerates, Kedronas Unit. These conglomerates are current 
imbricated (bi-directional) and rich in well rounded, basement derived, clasts. Deposition in 
a fluvial (braided river-coastal plain) to marginal marine setting is suggested. These 
lithologies are identical to the red-beds at the base of the Kerassia Unit (interval Al9a). 
Hammer for scale. 
Kerassia Unit, interval Al9b. Current oriented coquina of high spiral nerinid gastropods 
and bivalves. Such high density-low diversity assemblages are interpreted as being 
deposited in a marginal marine-lagoonal setting. Note slight shearing of fossils due to 
Tertiary deformation (pencil for scale). 
Kerassia Unit, interval Al9c, Orma section. Rudist patch reef rich in Caprinids and 
corals. Such reefs appear to periodically build up on a winnowed substrate of bioclastic 
packestone (pencil for scale, left). 
PLATE 3.4 
The Kerassia & Kedronas Units, Buff Nodular Carbonate (BNC) fades 
A. Thin section, note truncation of limestone nodules, calcite veins and fossils (miliolid, 
centre) by buff partings. One gastropod is also present. Such features suggest early 
lithification followed by brecciation, possibly related to intra-basinal deformation (20mm. 
PPL). 
B & C. Plan (B) and section (C) of BNC facies exposed in road cuts south of Kato Koryfi. 
Note concentration of fauna in limestone nodules and sharp edges to nodules (pencil for 
scale). 
Section of micritic and bioturbated BNC facies. Note dark and light grey colour mottling 
in limestone nodules, attributable to extensive bioturbation. Caprinid rudists (left), strongly 
ribbed bivalves (pectiris, top centre, middle right) and gastropods (bottom, centre) are 
present in the nodules (pencil for scale). 
The three most notable feature of the BNC are irregular bedding, extensive bioturbation and 
local exposure (firmground) surfaces. These are the three most commonly occurring 
features of deposition in a middle shelf setting (Wilson & Jordo,n, 1983). 
PLATE 3.5 
Kerassia Unit, interval Al9b. Thin section of "gritty" BNC facies rich in coralline and 
shell (pectin) debris. The pectin fragment was bored and surrounded by a micritic envelope 
prior to reworking in to the sediment. The upper part of the photo is rich in Orbitolina sp. 
set in a calcarenitic matrix (20mm, PPL). 
Kerassia Unit, interval Al9d, type section. Field photograph of Orbitolina sp. bearing 
packestone typical of middle shelf facies in the Kerassia Unit (pencil and fingers for scale). 
Kerassia Unit. Orbitolina sp. from sample B (3mm, PPL). 
D & E. Kerassia Unit, interval A19f. Monoplurid sp. and gastropod rich wackestones which 
typify this interval. These facies are of probable back-reef, lagoonal facies (Pencil for 
scale). D is from Toumba region, E is from Kerassia type section. 
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PLATE 3.6 
Kerassia Unit, interval A19d. Thin section photograph of Orbitolina Sp. packestone 
shown in Plate 3.513 (10mm, PPL). 
Kerassia Unit, interval A19e. Quartz rich lithic greywacke from the type section of the 
Kerassia Unit. Arenites from this interval are typically poorly sorted and cemented, and rich 
in basement derived detritus (10mm, XPL). 
Kerassia Unit, interval Al9f, type section. Algal rich biomicrite rich in algae, micritised 
intraclasts and bedding parallel fenestrae (15mm, PPL). 
Kerassia Unit, interval Al9f, type section. Thin section through Monoplurid sp. rich 
wackestone. Note sparite filled fenestrae (inside main shell and below it) and miliolids (top 
left), suggestive of deposition in a back-reef, lagoonal setting. The individual shells appear 
to be cemented together as clusters, resulting in differing shell morphologies (20mm, PPL). 
Kerassia Unit, top interval Al9f, type section. Strongly bioturbated packstone 
immediately below intraformational conglomerate along contact to interval Al9g. Note 
presence of primary Orbitolina sp., confirming an age not younger than Albian-
Cenomanian (15mm, PPL). 
Kerassia Unit, top interval Al9f, type section. Pelloidal micrite with one poorly preserved 
Praealveolina sp., suggesting a Cenomanian age. Unit is strongly bioturbated (7mm, PPL). 
PLATE 3.7 
Kerassia Unit, interval A19g, Agras section. Field photograph of interbedded calcarenites 
and micrites typical of Scaglia facies. Note also syn-sedimentary faults, which are relatively 
common in this section (pencil for scale). 
Kerassia Unit, interval A19f?, Nission section. Poorly sorted, matrix supported rudite rich 
in intraformational and basement derived clasts. Three Pelagonian marble derived clasts are 
evident; immediately right of pencil, top centre and lower right. The latter two are probably 
derived from the Kato Grammatiko Fm as they are cherty micrites. The intraformational 
clasts are diverse in composition, but typically include fossiliferous micrites (right of 
pencil). Fault scarp derivation as debris flows is suggested (pencil for scale). 
Kerassia Unit, Interval A19g, Nission section. Redeposited, channelised and bioturbated 
(extensively) limestone which is erosional in to the surrounding hemipelagic Scaglia 
deposits. Note angular rip-up clast of calcarenite at top of lower unit, and overlying 
amalgamated redeposited calcarenite and second redeposited limestone (hammer for scale). 
Kerassia Unit, interval A19f. Close up of redeposited micro conglomerate (rich in 
Pelagonian derived ?Triassic-Jurassic marble pebbles) and it's contact to rhymically bedded 
overlying hemipelagic and redeposited Scaglia deposits. Note erosional base, normal 
grading and gradational top to micro conglomerate unit (pencil for scale). 
PLATE 3.8 
Kerassia Unit, top interval A19f, Agras section. Extremely lenticular, erosional based, 
normal-graded, calcarenite interbedded with hemipelagic micrites and calcarenites 
(Scaglia). These horizons are often strongly reddened, and rich in basement clasts 
(including very rounded Pelagonian marbles, serpentinite, chromite and metamorphic 
clasts). Redeposited rudists and shelly debris are also evident. Syn-sedimentary faulting is 
thought to be partly responsible for the marked lateral thickening and thinning of individual 
horizons. Such channelised horizons, and an overall increase in clastics, increase in 
abundance in all sections immediately beneath the rudist bearing limestones (interval AllO). 
Hammer and map case for scale. 
Kerassia Unit, interval A19f. Field photograph of rhymically interbedded Scaglia 
deposits. The darker horizons are redeposited calcarenites, and are typically erosional, or 
load in to, the background hemipelagic micrites. Note well developed load structures and 
normal grading in three of the top four arenites. Oversteepened ripples are well preserved in 
the middle unit, which is strongly erosive in to underlying units on the right hand side 
(incorporating a rip-up clast). The lower horizons are quite bioturbated, and alot of the 
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original structures are lost. Note also two Tertiary reverse faults in centre left of picture, 
implying overthrusting towards the SW (right). Tape measure for scale (cm on left). 
C. Kerassia Unit, interval A19f. Thin section across one of the redeposited units in the upper 
part of Plate 3.8B. Note erosional base, loads, rip-up clasts and normal grading to overlying 
background hemipelagic facies (rich in calcispheres and Globotruncana sp.). The prominent 
bottom right to top left fabric is Tertiary cleavage (15mm, PPL). 
PLATE 3.9 
Kerassia Unit, interval Al9g, Agras section. Section through typical Scaglia facies. Two 
redeposited, arenitic, horizons are evident, erosional in to the underlying hemipelagic 
facies, which are rich in Globotruncana sp., calcispeheres and calcite replaced radiolarians. 
Note erosional bases and gradational tops to redeposited horizons, and bioturbation in lower 
horizon (dark brown areas). The Globotruncana sp. are preserved in secondary quartz and 
albite (height of photo is 25mm). 
Kerassia Unit, interval A19g, section east of Agras football pitch (3.9C). Typical 
calcarenite from Scaglia facies in this region. Note packestone fabric, quartz preserved 
Globotruncana sp. (e.g. top right), detrital quartz and mica. Carbonate content is minimal 
(stained red). These calcarenites are typically no thicker than 3cm (see Fig 3.14). 8mm, 
PPL. 
Kerassia Unit, intervals Al9g, AllO & Alil, section east of Agras football pitch. The 
main crag-forming limestones in this region belong to the rudist bearing AllO interval, and 
are in erosive contact with the underlying Scaglia deposits of interval Al9g. Slump folds 
and thicker rudites are exposed in interval A19g in exposures at the first hairpin on the left. 
Tertiary compressional folds are also evident (e.g. lower crags in shade on right below 
quarried limestone). The contact to the overlying flysch (All!) from the rudist bearing 
limestones (AllO) is very sharp, locally marked by a ferruginous top to the limestone and 
channelised arenites (right side of quarried region). Large rounded clasts of reworked 
limestone are also present in the flysch. Uphill in the background (east) is the thrust contact 
to the Central Almopias zone (Messimeri Unit). Whilst this region is faulted (both reverse 
and later normal faults), the two limestone crags appear to depositionally pinch out through 
the gap where the road cuts. Fig 3.14 was taken in the right hand side quarried section. 
Kerassia Unit, interval Al9g, Agras section. Hemipelagic Scaglia facies. Note traction 
carpet at base of photo rich in orientated Globotruncana sp., which is overlain by an 
essentially pelagic deposit rich in Globotruncana sp., Globogerinoides, calcispheres and 
calcitised radiolarians (locally coniform, bottom left). Most of fossils are quartz, albite or 
calcite replaced (10mm, PPL). 
PLATE 3.10 
Kedronas Unit, interval A19. Thin section photograph through typical Scaglia-type 
deposits of the upper levels of the Kedronas Unit. Facies present in the Kedronas Unit 
suggest a slightly more proximal setting than the Scaglia deposits of the Kerassia Unit, and 
are typified by amalgamated flows. The pelagic intervals never fully develop (height of 
photo, 20mm, PPL). 
Kerassia Unit, interval Al9g. Thalassinoides type burrow systems in calcarenites 
immediately below the rudist bearing limestones (hammer and foot, size 10/45, for scale). 
Kedronas Unit. Thin section of well sorted, well rounded, littoral rudite (Plate 3.1 1B). 
Note coarse calcite cement and sutured clasts (15mm, PPL). 
D & E. Field photographs of conglomeratic facies typical of the Kedronas Unit. D is current 
imbricated and cross bedded (bi-directional), interbedded with well sorted calcarenite, 
probably deposited in a shore face setting. E is poorly sorted and matrix supported, with 
angular clasts "floating' in a more micritic matrix. This facies was probably deposited as a 
density flow (fault scarp derived?) in to a deeper water environment (pencil & compass for 
scale). 
F, G & H. Globotruncana sp. from interval Al9g of the Kerassia Unit preserved in 
secondary quartz. Replacement is often "ragged" as seen in H (cross section, note well 
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formed quartz crystals inside chamber on right). F & 0 are somewhat better preserved, with 
the original shell detail preserved. F shows detail of chambers. (F, scale bar shows lOum, G 
& H, lOOum across). 
PLATE 3.11 
Kedronas Unit, railway cut section. Large detached block (olistolith) of ?Triassic-
Jurassic marble (showing signs of brecciation on upper surface) interbedded in a matrix of 
calcarenites showing evidence for deposition as turbidity currents (normal grading, 
erosional bases, convolute bedding etc.). Such large detached blocks are probably fault 
scarp derived (hammer for scale on left). 
Kedronas Unit. Field exposure of well rounded and sorted littoral conglomerate rich in 
"etched" ?Triassic-Jurassic pebbles south of Vryta. Cement is coarse calcite (Plate 3.I0C). 
Hammer for scale. 
Kedronas Unit, Buff Nodular Carbonate, road cut to Vryta. Note the early formed calcite 
veins in the limestone nodules which are truncated and cut by the buff partings. Such 
brecciation is interpreted as evidence for down-slope gravity sliding of semi-lithified 
carbonates (pencil for scale). 
Ano Grammatiko Unit. Exposure just south of Ano Grammatiko village of facies typical 
of this Unit. Note predominance of thin bedded, hemipelagic micrites with relatively 
common replacement chert. Interbedded with these slope to basinal facies are rare coarse 
rudites (height of Hammer) which are interpreted as density flows deposited in to a basinal 
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